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From: Mathieu, Nuri (ECY)
To: Jill  Gable/R10/USEPA/US@EPA; Nichole Embertson; cclark@whatcomcd.org; Maggi, Martha (ECY); Cummings,


Ron (ECY); Carey, Barb (ECY)
Cc: Gildersleeve, Melissa (ECY)
Subject: ARM meeting yesterday
Date: 06/09/2011 04:22 PM


Hi all,
 
First off, I’ll echo everyone’s thanks to Jill for pulling yesterday’s meeting together and leading us
through this process in general. I’d also agree with the statement that we made some good progress
in the meeting.
 
Just to clarify one important point (for me) in our discussion of the ARM system yesterday. At the
meeting the CD stated something to the effect of: ‘fields where the static (pre-determined) soil risk
rating is medium-high or high (for runoff) will NOT receive any manure application during the winter
under any circumstances with the ARM system.’
 
This makes a big difference in my mind, in terms of surface water risks, so I was relieved to hear
that. I went back through the CD’s responses to Ecology’s comments and could not find that
previously communicated anywhere. However, If I did miss that in previous communications, I do
apologize.
 
And thank you to Nichole and Chris for taking the time to go through our comments so thoroughly.
------------------------------------------------------------
Nuri Mathieu -- Water Quality Scientist
Environmental Assessment Program
WA Department of Ecology
360.407.7359
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From: Ragsdale, Dave (ECY)
To: Jill  Gable/R10/USEPA/US@EPA
Subject: FW: FW: whatcom county manure application in winter
Date: 08/23/2010 10:11 AM


This is probably the last.
 


From: Nichole Embertson [mailto:NEmbertson@whatcomcd.org] 
Sent: Tuesday, January 19, 2010 6:15 PM
To: Hood, Steve (ECY)
Cc: Ragsdale, Dave (ECY); Chris Clark; Chuck Timblin; Kaufman, Mak (ECY); George Boggs
Subject: RE: FW: whatcom county manure application in winter
 
Steve,
 
I wanted to add a few things to Georges response to address a few of the points and concerns that you
made.
 
First, we are not simply promoting winter application, we are promoting a system of more precise,
considered, and flexible application for all times of the year. Our new system of application risk
management (ARM) addresses runoff concerns on both ends of the high risk season, fall and spring.
By allowing more controlled and monitored winter (Jan, Feb) applications, we can limit fall applications
after September 30 (our new suggested cut off date). The application of manure in Jan/Feb has been
shown in scientific literature to be more readily available in March when grass growth begins to take
off, than manure applied in late Feb or March, which may not be available until May. This is because
there is a lag time between application of N and availability of N, which is dictated by microbial
processes and nutrient cycling. By applying in January, we give the microbes sufficient time to convert
the N to more plant available forms that are readily taken up by grass. This not only increases yields,
but also increases plant nutrient uptake over the course of the year, effectively reducing the amount of
nutrients left in the soil in the fall when runoff events occur. From a scientific stand point, late winter
(Jan/Feb) application under controlled conditions will produce LESS runoff than allowing application
under the T-Sum200 method. This is because T-Sum200 was developed in a very different climate and
production area (Iowa), than Western Washington. It is a good tool when assessing when grass growth
may begin to increase, but it should not be used as a definitive date on which to apply manure. In fact,
the T-Sum200 typically encourages improper manure application by allowing cart blanch applications
after we hit T-Sum200. People will apply in the rain, on saturated soils, without proper field cover, etc.
because they are not restricted by these factors. They are only restricted by a date. It has served as a
good guideline to date, but now that we have a more sophisticated and more accurate tool for
determining appropriate application times, we are removing the T-Sum200 guideline.
 
Second, in order for a dairy operation to apply under our new ARM guidelines they have to go through
a series of steps including a NMP update, a field risk analysis, a reporting requirement (to WCD), and
they must follow application protocols. The risk analysis looks at 15 different risk factors, plus a visual
inspection of each of the fields associated with a farm, and gives each one a risk rating. Only fields
with a risk rating of medium or lower are to be considered for application. If a producer would like to
apply manure, they are required to only consider those low risk fields, and do a risk analysis for each
one; the same risk analysis you went through on our website. This analysis requires that producers
conduct a visual inspection of their field including water table and soil moisture, and look at the
precipitation forecast, to name a few. These are criteria that have never been required for application,
but are very important indicators of runoff risk. The example worksheet you did give a risk rating of
Medium-High, a very unfavorable rating. It also gave a maximum application amount. While it did not
explicitly say "Do not apply" (which it will do if certain criteria are exceeded), it gave such a low
maximum application amount that application would not be feasible, thus inhibiting application. Another
important consideration here is that once completed, that worksheet MUST be emailed or faxed to me
prior to each application. If criteria are not met, or are borderline, I will call or visit that producer and
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asses if application may continue, or should be delayed for better conditions. This system will be
monitored and tracked for compliance. If a dairy does not comply with the recommendations, or abuses
the system, they will be removed from the program, put on more stringent application guidelines (yet to
be determined), and are subject to being put under permit if they have a discharge.
 
Third, currently we only have 10 producers on the ARM system, a very manageable and focused
group. Our intention is to go through a season cycle with these producers providing feedback to help us
modify and optimize the ARM worksheet. We are currently in the process of applying for a grant in
order to conduct through testing of the system. In the absence of said grant, we will conduct what
testing and biological analysis we can with our resources available. Additionally, we are refining our
threshold parameters as the season progresses and we are able to conduct better observations. All of
these inputs, including those from our partners (that would be you), are considered, integrated, and the
system is appropriately modified.
 
Fourth, where field boarders/filter strips are concerned, we are still observing a manure setback of
twice the distance of the filter strip width for winter applications. This is typically 60 feet or more, which
via scientific literature, should ensure that runoff will not reach streams or waterways. Under the new
ARM system, this "insurance policy" should not be needed in the presence of more precise manure
application, but will always be employed to assure the health of our waterways.
 
I hope these responses clarified your concerns. Please don't hesitate to call if you would like further
explanations or clarification on any of the ARM system concepts. We are confident that this system will
improve water quality within the watershed by reducing the chance of fall and spring runoff events,
while at the same time allowing farmers to adapt to a changing climate and still maximize their yields.
 
I appreciate your concerns and curiosities, and welcome any further discussion you would like to have.
 
Cheers,
Nichole
 
___________________________________
 
Nichole M. Embertson, Ph.D.
Resource Coordinator
Sustainable Livestock Production Program
Whatcom Conservation District
6975 Hannegan Road
Lynden, WA  98264
O: (360) 354-2035 x 126
F: (360) 354-4678
E: nembertson@whatcomcd.org
W: www.whatcomcd.org
 
The contents of all e-mail transmissions to and from this office may be considered public information and subject
to the provisions of the State of Washington Public Records Act.
 
-----Original Message-----
From: George Boggs 
Sent: Friday, January 15, 2010 6:12 PM
To: Hood, Steve (ECY)
Cc: Ragsdale, Dave (ECY); Nichole Embertson; Chris Clark; Chuck Timblin; Mak Kaufman
Subject: Re: FW: whatcom county manure application in winter


Steve,
We are recommending a more sophisticated approach than was developed 10 years ago.
 While you and dave went onto other more enjoyable challenges we have stayed in the
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trenches and studied the paradigm in light of actual practices, climate and water quality
monitoring results. We concluded that we could improve the situation for the environment
and farmers.


 This is not an unbridled green light to winter applications.  Neither is it to give dairies a pass
because of the difficult financial circumstances. 


Instead it is well considered guidance solidly based in science that provides a higher level of
accountability than exists currently. We believe that producers who go through this logic
model and adhere to the strictures will make better use of the nutrients and afford greater
protection against discharges.


Our staff is available to meet and work through this step by step so as to assuage anxiety.  I
would hope that given our record of accomplishments you and dave would give us the benefit
of the doubt before rejecting the system out of hand.
Best
Geo


-- Sent from my Palm Pre
George Boggs, Executive Director
Whatcom Conservation District
360.815.5342


Hood, Steve (ECY) wrote:


George Dave was telling me that you are encouraging more applications
in Winter. I found that hard to believe. 


But this is what I read with a little highlighting. 


In order to remediate this issue, we have created a system that allows
you to asses the risk of applying manure at any given time of the year by
helping you identify field characteristics that have a lower risk associated
with application, while also guiding you through the process of properly
assessing, managing and reducing application risks for all of your fields.
As long as your Nutrient Management Plan is updated, and field and
weather conditions permit, we would like to encourage more application
events during periods in January, February, and March when rainfall is
minimal and nutrients from these applications can become available to
forage at times when plants have increased nutrient needs (Mar-Jun).
Additionally, since manure application after September has limited benefit







for crops, and is at a higher risk for runoff, we would like to discourage
application after September 30th. This will greatly reduce your risk of
nutrient runoff during the fall rains. 


George I thought the T-Sum200 was based on when the soil and plant
community was ready to accept nutrients. Can an application of nitrogen
in January really be available for growth in March? Will you be doing any
testing to confirm? 


I ran through the spreadsheet picking some marginal numbers. I could
get an caution with some pretty dicey numbers. I’d be interested if there
has been any follow up of fields that have filed these reports to see if the
bacteria stays on the field until it has been deactivated. 


By the way, any manure application would likely be unfavorable to the
health of boarders, regardless of soil conditions. Maybe on lines 34 and
35 the sheet should refer to borders. 


From: Ragsdale, Dave (ECY) 
Sent: Friday, January 15, 2010 3:16 PM 
To: Hood, Steve (ECY) 
Subject: FW: whatcom county manure application in winter 


Steve. Per our discussion… January application of animal waste is just too
risky for surface and groundwater to be allowed (in planning or in
practice)! These pollutants are already a water quality problem and we
cannot “finesse” control over our weather. 


Dave. 








From: Krista Mendelman
To: Jill  Gable
Subject: Fw: ARM Letters of support
Date: 11/01/2010 10:51 AM
Attachments: Dairy Fed Letter of Support_2009.pdf


DOE Support Letter_2009.pdf
WSDA Letter of Support_2009.pdf
Drayton Letter of Support_2009.pdf
Public Works Letter of Support_2009.pdf


Krista Mendelman
US EPA Region 10 (OWW-137)
1200 6th Ave. Suite 900
Seattle, WA 98101
206-553-1571
206-553-0165 (fax)


----- Forwarded by Krista Mendelman/R10/USEPA/US on 11/01/2010 10:50 AM -----


From: "Nichole Embertson" <NEmbertson@whatcomcd.org>


To: Krista Mendelman/R10/USEPA/US@EPA


Cc: "George Boggs" <GBoggs@whatcomcd.org>


Date: 04/16/2010 12:22 PM


Subject: ARM Letters of support


Hi Krista,


 
Upon request, I am forwarding you the letters of support that we received in support
of our ARM project. 


 
Letters attached:
Dairy Federation
Dept. of Ecology
WSDA
Drayton Harbor Shellfish Protection Agency
Whatcom County Public Works


 
These letters were written and submitted with our 2009 proposal to the Watershed
Grant, however, all parties were still in support for our 2010 submission. All of these
agencies were contacted, given a copy of our proposal to review (the main concept of
which did not significantly changed from 2009 to 2010), and were in support of the
project and its objectives. Due to the fact that we did not need to provide hard copy
letters of support for the 2010 grant submission, we did not have them rewritten, but
verbal confirmation was received. Please let me know if you have any questions.
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Thanks, 
Nichole


 
___________________________________


 
Nichole M. Embertson, Ph.D.
Resource Coordinator
Sustainable Livestock Production Program
Whatcom Conservation District
6975 Hannegan Road
Lynden, WA  98264
O: (360) 354-2035 x 126
F: (360) 354-4678
E: nembertson@whatcomcd.org
W: www.whatcomcd.org 


 
The contents of all e-mail transmissions to and from this office may be considered public
information and subject to the provisions of the State of Washington Public Records Act.
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From: Karma Anderson
To: Christine Psyk; David Croxton; Jill  Gable; Krista Mendelman; Michael Rylko; Mike Bussell; Richard Parkin;


Thomas Eaton
Subject: Fw: Whatcom CD ARM Project Plan
Date: 06/15/2010 01:45 PM
Signed by: CN=Karma Anderson/OU=R10/O=USEPA/C=US
Attachments: WCD_EPAProjectWorkPlan_042710.pdf


Background for our presentation on the Whatcom nutrient management project
presentation, scheduled for Monday, June 21 at 4:00.


_____________________
Karma Anderson
Regional Agriculture Advisor
US EPA Region 10
1200 Sixth Ave, ETPA-087
Seattle, WA 98101
206-553-1647 office
206-402-9137 cell


----- Forwarded by Karma Anderson/R10/USEPA/US on 06/15/2010 01:41 PM -----


From: "Nichole Embertson" <NEmbertson@whatcomcd.org>


To: Karma Anderson/R10/USEPA/US@EPA


Date: 06/15/2010 12:30 PM


Subject: Whatcom CD ARM Project Plan


Hi Karma,


 
Can you please forward this email to all participants of next weeks presentation
meeting. 


 
I have attached a copy of our ARM project plan so that participants may familiarize
themselves with the project prior to the meeting next week. This may help answer
any upfront questions, as well as provide some points of discussion. The proposal
does not contain our detailed QA/QC, that is in development and will be completed in
the next few months. I will, however, give more detail about at methods at the
meeting so that you may have a better understanding of the level of detail and
significance that we are addressing.


 
Participants: please feel free to address any questions you may have directly to me
either before or after the meeting. I appreciate all of your time and interest in this
project and welcome any constructive feedback so that we may make this project as
comprehensive and thoughtful as possible.
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EPA GRANT: Protecting Watersheds, Water Quality and Aquatic Resources from 
the Impacts of Growth, FFY 2010 
 
PROTECTING PUGET SOUND WATERSHEDS FROM AGRICULTURAL RUNOFF USING 
A PROGRESSIVE MANURE APPLICATION RISK MANAGEMENT (ARM) SYSTEM 
 
Project Work Plan: 2010-2014 
 
WATERSHED TO BE ADDRESSED 
This project will address sections of the Nooksack (17110004) and Strait of Georgia (17110002) 
Watersheds located in Whatcom County, WA. The combined land area to be addressed is 
approximately 310 mi2. 
 
GRANTEE CONTACT INFORMATION 
Grantee:  
Whatcom Conservation District 
6975 Hannegan Rd. 
Lynden, WA 98264 



Contact Person:  
Nichole M. Embertson, Ph.D. 
Project Manager, Lead Scientist 
Sustainable Livestock Production Program 
W: www.whatcomcd.org 
P: (360) 354-2035 ext 126  
E: nembertson@whatcomcd.org. 
 



ABSTRACT 
Urban growth and land use changes are forcing agricultural operations to farm high risk lands and 
threaten an increase in pollution events to an already impacted watershed. Agricultural manure 
application to farm fields is considered a primary contributor of fecal coliform and nutrient loading to 
waterways and also contributes nitrogen via atmospheric deposition from manural ammonia emissions. 
Utilizing the current guidelines for manure application will not decrease runoff contamination below 
desired thresholds. We propose a new Application Risk Management (ARM) System that presents an 
innovative way to evaluate agricultural land use designations and subsequent application risk for 
individual fields using soil and weather parameters to reduce seasonal surface water, groundwater, and 
air pollution events. Coupled with new technologies to help educate and inform farmers, this new 
system promises to reduce runoff events and significantly reduce the amount of agricultural pollution 
that reaches groundwater, salmonid rivers, shellfish beds, and the airshed. 
 
RESTRICTION ON ASSOCIATION WITH ACORN 



The Whatcom Conservation District is NOT an affiliate, subsidiary, or an allied organization of 
Association of Community Organizations for Reform Now (ACORN). 
 
This is a COPY of the Project Plan, which is in review. It is not the final project plan, nor a detailed 
account of experimental methods. Reprint or distribution without prior consent from the grantee is 
not permitted. Please contact grantee listed above for questions or additional details. 
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DESCRIPTION AND SIGNIFICANCE OF THE WATERSHED 



This project will address two adjacent watersheds located in western Whatcom County, Washington: 
the Nooksack (17110004) and the Strait of Georgia (17110002). These two watersheds encompass 
1,687 mi2 bordered by the Cascade Mountain Range to the east, Canada to the north, and the Pacific 
Ocean to the east. Within these two main watersheds are smaller watershed areas including the Lower 
Nooksack Sub-basin (Nooksack), as well as Drayton Harbor, Birch Bay, and Lummi Bay (Strait of 
Georgia). Each of these watersheds has surface waters that flow from inland areas to the marine, 
affecting the Puget Sound, as well as various resources, communities, and industries along the way. 
Collectively, the health of the two watersheds is under great pressure from land use changes and 
agricultural uses. 
Collectively, the Nooksack and Strait of Georgia watersheds contain a host of important natural 
resources, thriving communities, and lucrative agricultural industries. Tribal groups in the watersheds 
(Lummi and Nooksack Tribes) rely on the shellfish and salmon resources present in the watersheds for 
both cultural customs and revenue; communities rely on clean water and clean air; and agriculture 
relies on productive lands and adequate space to farm. Historically, the watersheds have had a great 
level of productivity, but increasing growth pressures and environmental pollution is threatening the 
future of all populations, animal, human and plant, within the watersheds. 



THREATS AND EMERGING PROBLEMS 



The combined Nooksack and Strait of Georgia watershed areas outlined above are under both land use 
change and environmental resource pollution strain. The primary resources and industries affected by 
these pressures are agriculture (primarily dairy), shellfish and salmonid fish populations, as well as the 
water and air quality that supports these industries and the populations that surround them.  
Due to land use changes and population pressures, the Lower Nooksack Sub-basin has a heavily 
impacted floodplain, high nitrates in groundwater, and poor riparian conditions throughout the 
Nooksack River and most of its tributaries. Dept. of Ecology’s (DOE) current 303(d) list of impaired 
waters shows that there are 34 streams and rivers in the watershed that are above acceptable limits for, 
among other things, fecal coliform, the primary source of which is estimated to be the improper 
application of manure to agricultural fields. Poor water quality, coupled with the loss of stream habitat, 
has contributed to the noticeable decrease in annual salmon populations returning to the watershed. 
This impacts Tribal communities as well as local industries, and threatens the future health of the 
salmon population in the area. Additionally, compared to other rivers in the Puget Sound region, the 
Nooksack River near its mouth at Portage Bay has among the highest levels of nitrogen, phosphorous, 
and suspended solids, which affects both upstream fish and shellfish populations. This is due in part to 
the large number of agricultural operations located upstream in the Nooksack Sub-basin.  
As the polluted rivers and streams discharge into the Sound, they directly affect bays and shellfish 
growing areas. California and Dakota Creek and the Nooksack River dictate much of the water quality 
and health of the Drayton Harbor and Portage Bay shellfish industries, respectfully. The shellfish beds 
in both areas are Tribal and the Nooksack and Lummi Nation both have an economic and cultural stake 
in the continued health of these beds. During dry weather, bacterial contamination in the shellfish beds 
is not an immediate concern, but during storm events, a clear threat of nutrient and bacterial pollution 
still exists from upland land uses. The Portage Bay Shellfish growing area, which was closed due to 
fecal coliform contamination in the late 1990s, has been re-classification to open status due to an EPA 
success story that targeted nutrient mitigation strategies for dairy operations (Nutrient Management 
Plans) to reduce fecal coliform in runoff. Unfortunately, this success story is in jeopardy of relapse into 
failure if further action is not taken. While most of Portage Bay is open for shellfish, only a small 
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portion of the Drayton Harbor shellfish growing area is open for commercial harvest. There are still 
restrictions in Drayton Harbor depending on rainfall, and if more than a half-inch of rain falls in a 24-
hour period, the beds will be closed immediately for five days, a common occurrence in the watershed. 
A large portion of the Harbor is still under prohibited status, which contributes to a huge annual 
economic loss. The Lummi Nation estimates that historical closures of 150 acres in Portage Bay have 
resulted in a financial loss to the Tribe of approximately $250,000 annually. 
In addition to water quality, air quality is also adversely impacted by growth and improper land use. 
Urbanization leads to an increase in fuel use and urban emissions, which when combined with natural 
VOC production from vegetation and agricultural ammonia emissions (which are not currently 
addressed nor regulated), can increase the production of fine particulate matter (PM2.5) and smog. 
This fine PM can adversely affect human health and deposit via rain or dry deposition on inland 
waterways and on the Sound, increasing nutrient loads and decreasing water quality. A reduction in 
agricultural ammonia production, up to half of which comes from field manure application, may aid in 
reducing smog and PM deposition within the Puget Sound airshed. Urbanization can also increase 
greenhouse gas production and subsequent climate change issues in the region via the conversion of 
productive agricultural and forested lands to impervious urban surfaces, which decreases vegetative 
carbon sequestration. Climate change coupled with population growth has put a strain on already 
scarce and diminishing water resources available for municipal and ag irrigation use in the watershed. 
With population growth expected to increase by 22% over the next 15 years within the watershed 
areas, it is vital to identify the resources and community populations that will be most impacted by 
growth. It is estimated the majority of growth is expected to occur in unincorporated areas and on the 
outer limits of city boundaries, land that is currently in native vegetation or agricultural production. 
With over 148,000 acres currently in use by agricultural production (37,000 used for dairy production), 
and only 85,000 actually zoned for agriculture, un-zoned, low risk ag lands will likely be the areas that 
will yield to population growth. Unfortunately, there is a limited amount of ag land available with 
limited water pollution potential, and it is typically taken by industries that can pay high dollar, such as 
specialty crop or berry farmers, not dairy farmers. The remaining land available, which is prone to 
flooding and saturation, is more often being used by dairy operations for hay and corn production. 
However, it is also these characteristics that cause an increase in potential runoff and water pollution 
issues, mostly from the increased concentration and the improper timing of application of manure to 
farm fields. Without addressing the risk factors and management decisions associated with manure 
application, urbanization may exacerbate current pollution problems, not resolve them. Additionally, 
with an increase in possible urban pollution sources to the watershed (septic tanks, wastewater 
treatment, residential runoff, pets, etc.), the agricultural sector has a lower threshold of pollution 
toleration than ever. Impacts from improper manure application practices are reflected in many of the 
resources within the watershed such as water quality, salmon populations, and shellfish habitat areas, 
and tolerance is diminishing. Land use changes and subsequent environmental pressures put on 
agricultural producers are driving them out of the very communities that have been built on agriculture. 
This is a determent to Whatcom County, which prides itself on local food and sustainable 
communities.  
In Whatcom County, as in many other counties in the State, impacted and poorly managed agriculture 
(in particular, manure application by dairies) has repeatedly been identified as a leading contributor to 
air and water pollution in the watersheds. Therefore, the most productive way to address many of the 
water and air pollution issues within the watershed and contribute to the larger interconnected effort of 
protection of the watershed is to target the proper application of manure to farm fields. Improper 
application of manure can lead to runoff, which can cause low dissolved oxygen, algae production, 
high nitrates, and pathogens in water. Since dairies are the largest producers of manure and manure 
application in the watershed, improvements in field application methods and timing are necessary in 
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order to protect important watershed and air resources from further negative impacts. However, current 
guidelines do not promote better application practices, and in fact, threaten the health of the Sound 
even further by pushing application under risky conditions and times of the year (October and March) 
without proper assessment of weather or field conditions. Currently, the ceasing of manure application 
in the fall is Oct. 15th in the floodplain, and Oct. 31st everywhere else; and the start date of applciation 
in the spring is T-Sum200 (200 cumulative celcius temperature units after Jan 1) or February 15, 
whichever is sooner. These application dates are problematic because they do not require farmers to 
assess their unique field conditions and practices; prevent application at times when it may be more 
faviorable; do not promote planning of dry season application; and they allow farmers to apply during 
unfavorable conditions contributing to both surface and groundwater pollution. The dates are estimated 
values chosen to coincide with the start of flood season and plant growth, but in a changing climate, 
are not always correct. Instead, they encourage application in the fall when uptake is diminishing and 
rainfall is high, and allows spring application on a date that sometimes encourages application during 
wet conditions and when water tables are high. We can see a correlation between late season manure 
application, fall rainfall events and most shellfish bed closures and salmon migration events. 
Additionally, we see an increase in dry season (May-Sept) episodic air pollution events, partially 
contributed by ammonia from manure application during unfavorable weather conditions. This is an 
issue that has not been addressed in the area. Simply increasing buffer and manure setback widths is 
not a substitute for precision application and will not correct the root of the problem.  



PROJECT NEED 



Of the 12 Washington State Puget Sound Districts, Whatcom County has the greatest concentration of 
dairy cows, with 53% of the total, or over 40,000 animals, within its boundaries, most (~75%) of 
which are concentrated in the 310 mi2 of the Nooksack and Strait of Georgia watersheds. Although the 
number of dairy farms in Whatcom has decrease by half in the last 10 years, the number of milk cows 
has only been reduced by about 30%, putting increased strain on available land and water resources 
available. Dairying has been a pillar industry in the area for generations and is an intricate part of the 
community life. The dairy operations in the region have the ability to contribute in a positive way back 
to the environment and community by providing wildlife habitat, stream protection, carbon 
sequestration, and economic community stimulus. However, population growth pressures, 
environmental restrictions, and poor relations with environmental partners have led dairies to be 
identified as one of the primary contributors to water and air pollution issues in the watershed. The 
majority of these pollution events arise during or after the application of manure to farm fields, with 
water quality pollution being highest in the wet season (Oct-April) and air quality in the dry season 
(May-Sept). It is this area that needs to be addressed as a means of improving the health of the 
watershed before growth exacerbates the issues at hand. 
It is the overall objective of this project to create an Application Risk Management (ARM) system that 
will reduce the risk of manure induced pollution within the watershed and implement a system to help 
farmers evaluate their application risks and monitor their progress. It will also hold them more 
accountable for improper application practices, as the current paradigm does not require pre-
application reporting. The ARM system will supplant the current ridged application dates (Oct 31 and 
T-Sum200), and revise manure application setback distances and buffers to adjust with changing field 
and weather conditions. Under the new system, farmers will have to cease fall application in 
September instead of October, and will have limited early season application opportunities, which has 
been shown to be beneficial to plant growth and nutrient uptake during the spring. This will prevent 
application in risky times and support application at times when it is appropriate and poses the least 
threat to resources. When properly implemented, the system will be successful in contributing to the 
goals of our local WRIA 1 partners, as well as EPA national goals for Puget Sound, by improving the 
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health of a projected 37,000 acres of impacted farmland, 350 miles of impaired waterways, and 7,000 
acres of shellfish growing areas. It will also address the priorities of the Puget Sound Action Agenda 
by reducing a source of water pollution in the watershed and protecting from it future pollution with 
education and good management tools. The impact of these achievements should help keep shellfish 
beds open during high risk seasons, reopen prohibited areas, reduce fish barring stream pollution to 
increase the health of the salmon, and sustain agriculture and the rural lifestyle in a growing 
community. Since water and air act in a symbiotic relationship, typically trading impacts like a see-
saw, the ARM system will be addressing the air quality and climate change within the 300 mi2 airshed 
to make sure we are not trading one problem for another, but rather addressing both equally. This 
addresses EPAs clean air and clean water priorities by eliminating sources of airborne deposition of 
nutrients (nitrogen) on waterways. 
Since the other dairy producing districts in the Puget Sound share our same environmental issues, this 
system will be widely shared with others to decrease the impacts of agricultural pollution beyond 
Whatcom County. It is our intention to adapt and share this system with other Conservation Districts 
and livestock management organizations in Washington State and the Region, as well as our partners 
in Canada, all who share some or all of the same resource concerns as we do. The ARM system idea 
has been met with positive response from farmers, regulators, Tribes, and community members. 
Additionally, OnePlan software developers have expressed interest in its integration into their nutrient 
planning software programs, and it can also be used with other tools like Manure Management Planner 
(MMP). Overall, the ARM system should provide a way for farmers to evaluate their air and water 
pollution risks associated with manure application at any time of the year and apply with greater 
precision, flexibility, and responsibility, which should increase yields, decrease environmental 
pollution, and restore a sense of environmental stewardship. To date, there are no similar application 
management systems in use.  



Project Objectives based on the Framework for Watershed Planning: 
1. Conduct a series of land surveys to identify areas within the watershed that are at high risk for 



ground and surface water pollution, as well as classify low risk areas that are best suited for 
agricultural land use. 



2. Create an interactive Application Risk Management (ARM) System that minimizes field runoff 
possibilities during the wet, flood prone seasons and reduces the possibility of airborne emissions 
during the dry season using a combination of field risk analysis, comprehensive runoff and 
volatilization best management practices (BMP), better monitoring of application, and increased 
responsibility to farmers.  



3. Adapt current NRCS vegetative practices and manure setback distance guidelines to be more 
seasonally appropriate and effective for managing potential runoff from fields. 



4. Collaborate with project partners and farmers in addressing the needs and concerns of all state, 
local, and producer participants, while also creating and recommending management policy 
actions for nutrient and fecal coliform management through good manure application practices.  



5. Integrate the ARM system into planning software and Nutrient Management Plans at a County 
and State wide level. 



6. Evaluate success with ongoing monitoring of both test and control sites for waterborne fecal 
coliform and nutrient (N and P) levels and airborne ammonia and GHG levels on a regular basis. 



7. Develop educational and informational materials that will be available to all producers and 
custom manure applicators including a workshop, webpage, newsletter, and email/fax alerts. 
These materials will help manure applicators learn about the program, get help, and keep 
informed on times when application is optimal or prohibited.  
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The long-term outcomes of this project are the implementation of more comprehensive and effective 
manure application management system that will reduce runoff and air pollution events, decrease the 
fecal coliform and nutrient loading into the Nooksack and Strait of Georgia Watersheds, and increase 
the vitality of freshwater fish and marine shellfish areas, increase surface and groundwater quality, and 
improve air resources for the community. Additionally, by giving farmers a more active and 
responsible role in the management of their land, we hope to reinvigorate the sense of environmental 
stewardship that was once prevalent in this area and reconnect farming to the community. 



PROJECT PLAN AND COMPONENTS 



This study will develop an innovative and much needed manure Application Risk Management system 
that will decrease the number of pollution events, thus reducing the amount of fecal coliform, nutrients, 
and sediment that reaches surface waters, groundwater, and air resources. The study will be conducted 
in 4 phases in sync with the Framework for Watershed Planning, 1) Assessment, 2) Development, 3) 
Implementation and Monitoring, and 5) Evaluation, Adaptation, and Outreach over four years.  
Phase 1: Assessment. Phase 1 is the characterization and assessment of the watershed as it relates to 
agricultural practices and potential environmental impacts. Using a system similar to the Birch Bay 
Watershed Classification model, we plan on working with our partners at the Department of Ecology 
(DOE) to rate areas from high to low risk within the watershed using an “Index of Process Condition” 
based on 15 different risk factors (soil type, permeability rate, seasonal high water table, distance to 
surface water, slope, hydrologic group, available water holding capacity, drainage rate, flooding 
potential, ponding potential, compaction potential, runoff rate, aquifer recharge, wetlands present, and 
crop type) relating to ground and surface water pollution potential. Information on risk factors will be 
obtained by GIS mapping, soil surveys, and visual surveys (when necessary). Once areas are classified, 
we will use GIS technology to create watershed maps of each of the 15 layers as well as a 
comprehensive map identifying the overall risk ratings throughout the watershed. By identifying “hot 
spots” within the watershed, we can identify areas that will benefit most from application risk 
management. This land survey will also locate areas that are best suited for agriculture, aid in land use 
planning for environmental protection, and help farmers make better land use decisions such as on crop 
selection and manure application technologies based on their unique location and soil characteristics. 
This same process will also be used on a micro scale with individual farms to assess the risk level 
associated with manure application to specific farm fields and identify problem spots.  
Assessment of our famer audience is pertinent to success of information delivery. To better identify the 
most effective modes of communication, producer preferences, appealing incentives, knowledge base, 
and current practices, a survey will be sent out (mail and web based) to all producers in the watershed 
areas. The survey will be created to take no more that 15 minutes to complete, and since it will be sent 
approximately 120 people. The survey will be analyzed for preferences and trends to give us an idea of 
target outreach areas and information delivery systems.    
Phase 1 Deliverables 



• Land survey and risk rating index for watersheds. 
• Individual land risk evaluations for project farms as they are enrolled. 
• Survey of dairy producers in the watershed to gain a better understanding of current practices, 



constraints to environmental mitigation, preferences for manure management, and knowledge 
base.  



Phase 2: Development. Phase 2 is the development of the innovative Application Risk Management 
(ARM) System to address both water and air quality impacts associated with manure application. The 
ARM system is based on two main factors, a farm field risk evaluation conducted by WCD (see Phase 
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1) and the use of a web based risk management worksheet designed to help a producer determine what 
appropriate application rates are, as well as the application risk index for that current time of year for 
water and/or air quality.  
Once a farmers fields have been given a risk rating based on analytical and visual criteria, only fields 
that are medium risk or lower will be considered for application during high risk times (October-
March). Prior to application of manure to any field, any time of the year, a producer will need to 
complete an ARM worksheet, which will evaluate runoff, leaching, and volatilization potential and 
provide feedback for proper application techniques. The worksheet will require farmers to evaluate 
their impact potential (i.e., distance to resources, emissions, groundwater recharge, etc.), current field 
conditions (i.e., ponding/flooding, frozen ground, soil moisture, water table depth, vegetation density 
and height, buffers, etc.), application method, and current and forecasted weather conditions. Other 
categories may be added as the project develops. All of these parameters, along with soil type and 
nutrient analysis results, will then be entered into an interactive worksheet and a pollution risk rating 
will be calculated using specific criteria along with practice guidelines and a maximum recommended 
application amount. If conditions are not optimal for application (i.e. water table too high, significant 
rain in 3 day forecast, low crop uptake, etc.), the system will tell producers to wait to apply. This 
complex type of feedback will require the creation of detailed background calculations based on both 
modeled and field proven values for each of the criteria, as well as comprehensive parameter 
definitions and feedback responses. Additionally, we will be partnering with Agriculture and Agri-
Food Canada to adapt, validate, and integrate their air quality prediction model into the ARM system. 
Their model gives information on real time and projected soil and reactive nitrogen constituents in a 
gauge style format. This information will be used to predict how different methods and timing of 
application can effect air quality and crop yields. Using a web design consultant, all of these functions 
will be integrated into a user-friendly on-line tool that will give automatic feedback on input values, as 
well as capture and log the data for our records and analysis. The worksheet will allow producers to 
responsibly evaluate each of their fields on a seasonal basis and only apply an appropriate amount of 
manure to fields that are at low risk for environmental pollution. 
To ensure producers have done the calculations to evaluate their application risks, an accountability 
system will be implemented where producers will have to submit their analysis sheet to WCD prior to 
application for approval. This level of “supervision” is vital during the high runoff seasons. An 
emergency response protocol will be in place in the unlikely event that any of the test farms has a 
discharge while following project guidelines. This response protocol, as well as a monitoring and 
management system, will be developed and implemented with our partners at DOE and the 
Washington Department of Agriculture (WSDA) to make sure producers follow the system guidelines 
and enforce appropriate action when they do not. If a producer deviates from the system, a penalty 
protocol will be instituted. 
In addition to the ARM worksheet, seasonal manure application setback distances and dates, and 
vegetative filter strip widths and practices, will be reviewed and revised as necessary with our partners 
at NRCS to maximize their effectiveness, while also allowing appropriate maximum use of field area. 
This will be accomplished by developing a practice decision tree that helps guide planners and 
producers to the correct vegetative practice combination based on their management and field 
characteristics. The effectiveness of these types of “insurance” practices will be compared against 
precision application practices with controlled field trials set up in a block design. 
To ensure that we are creating a useful, efficient product, a two tiered technical workgroup will be 
assembled consisting of a farmer panel (tier 1) and partner workgroup (tier 2) (see Partnering for 
identification of partner groups). The group will be anchored by progressive and cooperative dairy 
producers who are willing to offer constructive criticism to the ARM System and its components as 
well as communicate its efficacy to fellow dairymen. Individual dairy producers will be solicited for 
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their participation in the group and some panel meetings will correlate with the local chapter dairy 
meeting to ensure a broader participation by dairymen throughout the area. In addition to their 
individual contributions to project components, project partners will offer input to the process to make 
sure we are meeting common goals and collaborating in a productive manner. Partner meetings will 
largely be conducted on an individual basis to present the ARM system and receive feedback, but one 
larger workgroup meeting will be held once every two years that brings together farmers and partners. 
Meetings will be held bi-annually for the farmer panel (8 total) and annually for partners (4 total 
including individual meetings). Establishment of a cooperative working relationship between the two 
groups will foster a long-term productive and successful environment in the watershed.  
In addition to the ARM worksheet, new risk management technologies will be developed. These 
technologies include application alerts posted on our website as well as sent via text messaging, email, 
or fax. A webpage, linked to the WCD website, will be developed in-house with local weather 
forecasts, worksheet Q&A, application techniques, vegetative maintenance guide, etc., to provide 
farmers with information relevant to application and the ARM system. Lastly, a self-update system 
will be developed with partners at OnePlan or MMP for farmers to self update on a yearly basis to 
adjust application levels when appropriate (i.e., if crops, fields, or manure chemistry changes). This 
self update system will allow farmers to update on a yearly basis, instead of having to wait up to 5 
years for a plan update, thus allowing them to more precisely manage their nutrients. 
Phase 2 Deliverables 



• ARM Worksheet. 
• Develop an accountability system including an emergency response plan and monitoring and 



enforcement plan. 
• Revise current manure setback distance and buffer guidelines and develop a decision tree for 



selection of optimal practices for the protection of resources. 
• Assembly of workgroups including the farmer panel and partner groups. 
• Development of tools: Application alerts, webpage, self-update system. 



 
Phase 3: Implementation and Monitoring. Once the ARM system has been developed, it will be 
implemented, tested, and monitored for success. This Phase will extend over three application seasons. 
The first year (2010-2011), we will test the ARM system on a total of 10 dairy farms who have already 
given their commitment to participate in the project and provide feedback. We kept this number to 10 
to insure we can provide a high level of observation, management, and guidance in the infancy of the 
system. The farms chosen vary in risk rating and location within the watershed, which illustrates the 
different characteristics of the watershed areas. Test farms will have both control (following current 
application guidelines) and trial fields (ARM system) to evaluate the effectiveness (water quality, 
yields, etc.) of the system in a relatively controlled setting. Each successive year, we will add at least 
10 new test farms to the project until a proposed total of at least 40 test farms are participating in the 
project throughout both watersheds. Every farm that participates in the study will receive a Nutrient 
Management Plan update, as well as detailed mapping of fields, waterways, and identification of 
sample locations associated with a sample plan. In addition to application volume and frequency, we 
will look at how different application technologies (i.e., big gun sprinkler, aerator, splash plate, 
injector, etc.) affect the system, as well as manure type (liquid or solid) and consistency (thick to thin). 
Based on this information we will develop manure application best management practice (BMP) 
guidelines for joint water and air pollution reduction with our partners at NRCS. We will work with 
NRCS and our partners at other CD’s to have these BMPs approved and installed over all of Western 
Washington. 
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ARM worksheet outputs and subsequent application records will be kept to track the feedback 
mechanism of the system as well as map the nutrient loading to areas in relation to stream pollution 
levels and air emission events using GIS software. This will help us revise, adapt, and track the validity 
of the system, as well as assess the impact of ag-urban growth pressures and possible impacts. 
To measure the effectiveness of the ARM system, comprehensive soil, surface water, groundwater, and 
manure testing of nutrient and FC levels from each project test site will be conducted throughout the 
year. Measurements will be taken in the field as well as upstream and downstream of test areas to 
determine any pollutant contribution to surface waters from test fields. In conjunction, monthly data 
provided from static water quality monitoring stations (monitored by Whatcom County Public Works 
and DOE, and analyzed by Northwest Indian College) will be utilized to conduct a broader monitoring 
campaign throughout the watershed with partners at Lummi Nation and WRIA 1 to monitor the long 
range impact of the project. Ambient air quality measurements will also be taken for ammonia and 
greenhouse gases (nitrous oxide and methane). All of these measurements will be used in the 
validation of the system, tuning of worksheet parameters, and assessment of the watershed. 
Additionally, qualifying environmental data will be entered into STORET. 
A further explanation of measurements is located in the Monitoring and Measuring section, as well as 
the QA/QC plan (to be completed July 2010). 
Phase 3 Deliverables 



• Identification of test farms, update of NMP, field mapping and risk analysis, and 
implementation of ARM system. 



• QA/QC for sampling protocols 
• Monitoring, assessment, and validation of ARM system implementation via soil, surface water, 



groundwater, manure, and air sampling. 
• Mapping of nutrient loading in relation to stream pollution levels and air emission events. 
• Analysis of application technologies and characteristics to aid in development of manure 



application BMPs for water and air pollution reduction. 
 
Phase 4: Evaluation, Adaptation, and Outreach. A continuous evaluation and revision of the ARM 
system will be conducted throughout the project as results are obtained and input is received from 
producers (users) and project partners (evaluators). This will ensure that the system and its tools are 
user friendly, comprehensive, and successful at achieving the desired watershed protection goals. 
To ensure the long-term success of the ARM system, all Nutrient Management Plans created or 
updated by WCD will include the ARM system. In addition, cost-share incentives will be explored 
with partners at NRCS to identify sources of funding for farmers implementing the ARM system with 
more rigorous conservation practices. Additionally, guidelines for manure application dates, setbacks, 
and restrictions will be revised to reflect our findings and more stringent guidelines. In conjunction, 
legislation will be explored to support our guidelines and aid in implementation of the ARM system on 
a larger scale. This endeavor will need to be explored through partners at the Dairy Federation, DOE, 
and EPA. One of our long range goals is to adapt the ARM system to apply to all forms of agriculture 
that graze or apply manure including berry and crop farmers, small farms, hobby farms, mitigation 
projects, and other livestock (poultry, beef, swine). Currently, none of these sectors are regulated 
and/or monitored for application.  
Partners involved in the project will also be a part of the success of the project by helping to support, 
monitor, implement, and educate people about the program. A public outreach effort will be initiated to 
inform and gain support from the public, who are typically the ones reporting manure misuse events. A 
workshop, web link, newsletter, email/fax alert system, and development of new technologies will aid 
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in keeping producers and the community involved and informed on the systems success and benefits. 
The workshop will be conducted near the end of the project to inform people of the ARM system, 
guide them through its proper use, and address any questions. The target audience will be ARM users 
including farmers, custom manure applicators, and NMP planners, but partners wanting to know more 
about the system will also be invited. The newsletter will be developed in the first two quarters of the 
project and sent out quarterly thereafter. The newsletter will address various environmental issues 
related to dairy farming and manure/nutrient management, as well as latest BMP technologies, 
mitigation practices, and up to date pertinent information on issues. 
At the conclusion of the project (2014), a final project report will evaluate the system with scientific 
basis and determine its sustainability and effectiveness at achieving a permanent reduction of fecal 
coliform and nutrient levels in rivers and bays as contributed by runoff from agricultural fields. In 
practice, the system should be successful in protecting 37,000 acres of farmland, 350 miles of surface 
waters, and 3,000 acres of shellfish areas. 
A timeline of the tasks and activities (outputs) to be completed within each Phase of the project is 
located in the Logic Model, with a more detailed timeline by quarter presented in Timeline and 
Milestones.  
Phase 4 Deliverables 



• Continuous evaluation and adaptation of ARM system based on project results and user 
feedback. 



• Explore cost share incentives, revise manure application dates throughout the District, explore 
legislation through partners to incentivize ARM system and adapt the ARM system to include 
all form of agriculture the utilize grazing or manure application practices. 



• Outreach activities including a newsletter, email list, and workshop to educate users about the 
ARM system and related environmental issues. 



• Quarterly reporting throughout project and final report at conclusion. 
 



MONITORING AND MEASURING 



In order to evaluate the efficacy of the ARM system, all test sites will be monitored for runoff, and 
manure, soil, water, and air constituents measured for the entirety of the project. Currently, there are 
DOE and WRIA 1 stationary monitoring sites along most of the major waterways located in the 
watersheds as well as at the mouth of the rivers at shellfish production areas. These monitoring stations 
will be considered on a consistent basis to provide information on background temperature, FC, and 
DO levels (as applicable), variability, and pollution spikes to help us locate problem areas and times. A 
detailed statistical analysis of test and control farm areas will also be established in order to measure 
the ARM system directly. In order to accomplish this, each farm field will have soil and manure 
samples taken on a regular basis, as well as samples from adjacent waterways. A sample from each 
waterway located on or near a test field will be collected upstream (background), and downstream 
(source pollution) of the farm field using a paired t-test model. The difference of the two measures is 
the pollution directly contributed by that field.  Water quality samples will be taken for periods before 
and after field application, as well as randomly once weekly during high runoff seasons (October-
April), and once every two weeks the rest of the year. During big storm events, additional samples will 
be taken. Groundwater samples will be taken on test and control fields using a variable tube technique. 
Soil samples will be obtained using a random sampling grid method before each manure application 
and one week after to evaluate agronomic application rates. Manure samples will be taken at each 
application. Crop yield data will be taken and compared between test and control fields to assess 
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system benefits. Lysimeters will be installed on select test fields and groundwater samples will be 
taken within the top few feet of the field surface during the high risk times on a regular basis. All 
sample data will be analyzed using statistical models to evaluate significance (alpha level of 0.05) 
within test sites and between test and control sites.  
Water samples will be analyzed by a DOE accredited laboratory for fecal coliform, TKN and total-P 
using standardized methods. Dissolved oxygen, pH, temperature, and nitrate will be taken with a 
sample probe. Soil and manure samples will be analyzed for fecal coliform, total-N, total-P, and pH 
using standardized methods. We will follow our QA/QC project plan for all sample handling and 
analysis. 
Air quality parameters including ammonia and nitrous oxide, will be measured on-farm using EPA 
accredited equipment and methods. These measurements will be conducted in partnership with Agri-
Canada. Air quality measurements will be used to establish both baseline and emission reduction target 
levels, as well as give the emission potentials of different land application BMPs.  
Field data will be recorded at the time of sampling on a standardized form that includes monitoring 
information and any other observations (e.g. weather, equipment problems, and field condition) that 
may be important in interpreting data. All field meters will be calibrated in accordance with the 
manufacturers instructions and documentation provided.  
A more detailed QA/QC will be provided upon receipt of the grant (June 2010) including detailed 
information on the water quality monitoring approach and laboratory protocols, including types of data 
and samples to be collected, sample location, sampling frequency, sampling procedures, analytical 
methods, quality control procedures, data handling protocols, and data assessment procedures. 



OUTREACH AND INFORMATION TRANSFER 



Upon completion of the testing and validation stage of the project, the ARM system and its 
components will be delivered to those individuals and agencies with similar environmental challenges 
that will use and benefit from it. The following outreach activities will be conducted for transfer of 
information: 
• A workshop will be held to educated producers and custom applicators about the ARM system.  
• A webpage, factsheets, revision of NRCS practices standards, and other outreach tools will be 



developed that can be easily accessed by producers and other users via the web or tangible means. 
• The ARM system will be incorporated into all Nutrient Management Plans in Whatcom County; 



with distribution to small farms (i.e. beef, horse, hobby) via small farm plans desired in the future.  
• Currently, we have spoken to two partner Conservation Districts (Skagit and Snohomish) within 



the Puget Sound area that have similar environmental challenges to Whatcom and would like to 
adopt the ARM system immediately upon its completion. All Districts in the State will be given 
the opportunity to integrate the ARM system into their NMPs. 



• Creators of the OnePlan NMP tool would like to integrate the finished product into their software, 
which would distribute the system to a much larger audience within the Region and Nation.  



• Partners will provide an opportunity to disseminate our results and lessons learned to county, state, 
and national agencies that will help move policy and ensure the ARM system is widely supported 
and implemented.  



• The ARM system will be provided to our partners in Canada including Environment Canada, 
Fraser Valley Regional District, and Agriculture Canada, who have already expressed interest.  



Since our project may have benefits to a larger agricultural sector, results will be presented to the 
larger scientific and regulatory community at the Georgia-Basin Puget-Sound Research Conference, 
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National Targeted Watersheds Grantee Conference, Washington Association of Conservation Districts 
Annual Conference, and local and state sponsored workshops. 



PARTNERING 



Partnership and collaboration is vital part of a successful project. In order to make sure we produce a 
comprehensive, environmentally protective, and yet user friendly product, we will engage government, 
environmental, scientific, and producer partners. Each partner listed below contributes to a vital part of 
the information and expertise needed to create a system with integrity and longevity. 
Dairy Farmers – One of the most important partners for the success of the ARM system is the 
agricultural community. In addition to all of the dairy producers participating in the testing and 
evaluation of the system, a Farmer Panel will be created that is composed of dairy producers within the 
two targeted watershed areas. We will recruit progressive and adaptive producers that are willing to 
donate their time and knowledge to the project. The panel will be composed of 10+ dairy producers, 
whose task will be to review and constructively criticize the system and its components, making sure 
we create a product that farmers will be sure to use with ease and that works. 
A Partner Group will also be assembled whose task will be to offer feedback, assess the stringency of 
the system, and conduct policy assessment of the system. Representatives from each of the following 
agencies will be asked to participate in various aspects of the project. Washington Dairy Federation, 
Washington Department of Agriculture (WSDA), Department of Ecology (DOE), Natural Resource 
Conservation Service (NRCS), Whatcom County Public Works, Drayton Harbor Shellfish Protection 
District Advisory Committee, Agriculture and Agri-Food Canada, Western Washington University, 
Lummi Nation, Washington Conservation, EPA, Others - Portage Bay Shellfish Protection District, Ag 
Advisory Council, Farm Friends, and any other groups or individuals who would like to participate in 
the process. 



ANTICIPATED OUTPUTS AND OUTCOMES 



The overreaching environmental objectives of the project are 1) the near elimination of seasonal fecal 
coliform and nutrient loss from 37,000 acres of manure applied dairy farm fields to the 350 miles of 
surface waters in the Strait of Georgia and Nooksack watersheds, and the reduction of possible 
groundwater contamination (nitrates) contributed by improper or ill-timed manure application on those 
acres, 2) a significant increase in the quality of water that reaches the 3,000 acres of oceanic shellfish 
growing areas currently affected by poor water quality, 3) a decrease in manure related episodic air 
pollution events (PM2.5) in the airshed that can effect human health and increase nitrogen deposition on 
waterways, and 4) a renewed sense of environmental stewardship in the agricultural community.  



PROGRAMMATIC CAPABILITY 



The Whatcom Conservation District is regularly recognized for its productivity, community outreach, 
and very knowledgeable employees. Many employees are leading experts in the field and are recruited 
by other Districts and State agencies to provide technical expertise on environmental and agricultural 
related issues. The staff outlined for this project are well suited in their roles and will help ensure that a 
quality product and scientifically sound data are provided. Dr. Nichole M. Embertson, Project 
Manager & Lead Scientist, has an M.S. and Ph.D. in Animal Science with a specialty in 
Environmental Management and Air Quality and will act as lead scientist on the project for WCD. She 
has participated in many State and nationally grant funded projects focused on ag-environmental 
planning, monitoring, and mitigation. She has participated in and/or created ag-based stakeholders 
groups with great success and positive response. Her scientific knowledge and statistical expertise will 



 12











 



 13



ensure proper sampling and analysis techniques are carried out. Nichole will be overseeing the 
scientific and collaborative tasks of the project including ARM creation and installment, sampling 
methodologies, statistical analysis, and outreach. George Boggs, District Manager, has a B.S. in 
Agronomy and a J.D. in Law.  He has managed the District since 1997 and has served on a variety of 
local, state, and national boards involved with policy, practices, and planning processes. He has 
successfully administered six Centennial Clean Water grants in the past seven years. George will 
provide direct oversight to District staff and direct communication with regulatory agencies to ensure 
timely completion of the project tasks within budget. Chris Clark, Engineer in Training, has a BS in 
Biological Systems Engineering with an emphasis in agricultural, soil and water engineering and has 
worked with Whatcom CD for over six years. Chris has written over 100 dairy nutrient management 
plans and has provided ongoing technical assistance to many dairies and non-commercial farms. Chris 
will participate as a technical resource and engineer for the project. Andrew Phay, IT Specialist, has 
been the GIS Technician for the WCD for seven years, since completing a B.S. degree in 
Environmental Planning with a minor in GIS Studies. Andrew is responsible for creating maps and 
other graphic materials for District projects. He also creates and maintains databases and websites for 
the District and for other agencies. Andrew will be providing all GIS mapping services, new 
technology development, and database activities. Dawn Bekenyi, Administrative Assistant, has 
provided project support for all bookkeeping and administrative tasks associated with District 
programs for the past fourteen years. Dawn will be responsible for financial and administrative record-
keeping tasks associated with this proposal. 
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Cheers,
Nichole


 
___________________________________


 
Nichole M. Embertson, Ph.D.
Resource Coordinator
Sustainable Livestock Production Program
Whatcom Conservation District
6975 Hannegan Road
Lynden, WA  98264
O: (360) 354-2035 x 126
F: (360) 354-4678
E: nembertson@whatcomcd.org
W: www.whatcomcd.org 
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information and subject to the provisions of the State of Washington Public Records Act.
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From: Nichole Embertson
To: Jill  Gable
Cc: Karma Anderson; Krista Mendelman; George Boggs
Subject: GW Monitoring Study Questions
Date: 02/25/2011 12:55 PM


[attachment "GWStudyQuestions_022511_WhatcomCD.pdf" deleted by Jill
Gable/R10/USEPA/US] 
Jill,


Per our meeting conversation on Wednesday, I wanted to submit to EPA a
list of questions regarding groundwater monitoring to frame the request
for a more scientific reasoning for addition of a groundwater monitoring
campaign to our study. We have many questions and concerns related to
groundwater well monitoring and I thought it would be helpful to relay
these to you in writing. It is our hope that the clarification and
resolution of these issues will lead to a very well planned and
scientifically valid addition of groundwater monitoring to our study. We
would like to make sure that any additional resources added to the
project are used wisely and with the maximum benefit to increasing our
understanding of the relationship between manure application guidance
and groundwater quality. 


Please let me know if you have any questions regarding the questions or
process we are requesting. 


Prior to forwarding this document along, I would like you to review it
and suggest the persons who you would like to send it to. I appreciate
your consideration and discretion on this matter. 


Thank you,
Nichole


___________________________________
 
Nichole M. Embertson, Ph.D.
Nutrient Management and Air Quality Specialist
Sustainable Livestock Production Program
Whatcom Conservation District
6975 Hannegan Road
Lynden, WA  98264
O: (360) 354-2035 x 126
F: (360) 354-4678
E: nembertson@whatcomcd.org
W: www.whatcomcd.org 
 
The contents of all e-mail transmissions to and from this office may be
considered public information and subject to the provisions of the State
of Washington Public Records Act. 
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June 9, 2010 
 
 
George Boggs 
Whatcom Conservation District  
6975 Hannegan Road 
Lynden, WA  98264 
 
Krista Mendelman 
U.S. EPA, Region 10 
1200 Sixth Avenue, Suite 900 
Seattle, WA  98101 
 
Re:  Ecology Comments on Proposed ARM Project 
 
Dear George and Krista: 
 
The Washington Department of Ecology (Ecology) would like to express significant concerns 
with Whatcom Conservation District’s (WCD) project “Protecting Puget Sound Watersheds 
from Agricultural Runoff Using a Progressive Manure Application Risk Management (ARM) 
System”. 
 
Given our desire to work with the Environmental Protection Agency (EPA) and WCD to 
improve water quality in Whatcom County, we offer the following comments in hopes of 
achieving a common understanding of how to best move the project forward.  We appreciate 
having the opportunity to review the proposal in its entirety as well as WCD’s April 30, 2010 
presentation on the project. 
 
As the project proposal correctly states, water quality problems in the project area are severe.  
Nitrate contamination is widespread in the Sumas-Blaine Aquifer that underlies much of the 
Lower Nooksack Basin and parts of the Drayton Harbor Watershed (Figure 1).  Nitrate 
concentrations exceed 10 mg/L (drinking water standard) throughout the aquifer, including 
many areas mapped as “low risk” in the grant application.  
 
In spite of existing contamination, the Sumas-Blaine Aquifer is the primary local drinking 
water source with a depth to water of less than 10 feet in much of the aquifer.  The aquifer 
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thickness is also limited to an average of 50 feet.  Thousands of local residents obtain water 
from shallow wells.  Seventy-one percent of 35 private wells tested in 2003-2005 were over 
the drinking water standard for nitrate at least one time.  In addition, fecal coliform levels 
have increased in 6 out of 8 local creeks since 2004.  
 
WCD’s proposal correctly states: “In Whatcom County, as in many other counties in the state, 
impacted and poorly managed agriculture (in particular, manure application by dairies) has 
repeatedly been identified as a leading contributor to air and water pollution in the 
watersheds.”  Ecology agrees with this statement, which is why we stated the following in our 
February 2009 letter to WCD: 



 
“Department of Ecology supports efforts to research, develop, and ensure compliance with 
nutrient management planning and the application of management practices that increase 
surface and groundwater protection.  Specifically, Ecology supports nutrient 
management that prevents leaching of nutrients to shallow ground water during all 
times of the year, and also prevents the runoff of nutrients from manure applied 
lands.” (emphasis added) 



 
Given the severity of the area’s water quality problems, new management actions should err 
on the side of caution.  While Ecology shares WCD’s concern about fall manure applications 
and supports the project’s focus on limiting that practice, we are very concerned about 
increasing manure application at any time during the winter months.  Given risk factors 
inherent in the ARM proposal, Ecology believes it should move forward only if it is 
designed and scaled as a research study as opposed to an implementation project. 
 
If initial efforts under a research approach demonstrate positive results, Ecology believes the 
ARM system may contribute to a broader approach to improve nutrient management to 
achieve clean water. It is critical that ARM be part of that broader discussion as opposed to 
being viewed as the solution.  For Whatcom County and other areas of the state, Ecology 
believes that such an approach includes the following: 



• Correct acknowledged problems with the state’s dairy program by improving 
oversight and implementation of all nutrient management plans, including proper 
agronomic rates and transfers;  



• Implement protective vegetative practices and setbacks around waterways; and, 



• Increase compliance and enforcement of water quality laws at the local, state and 
federal level. 



 
Ecology understands that we – like WCD and EPA – have a central role to play in an effective 
and comprehensive approach.  Current limitations on Ecology’s resources and authorities 
(e.g., problems with dairy program), however, must be addressed for Ecology to fulfill our 
clean water responsibilities.  We appreciate support for our efforts to address these shortfalls. 
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Concerns about the Proposal 
The ARM proposal raises significant concerns given all of our efforts working with WCD, 
EPA, the Department of Agriculture and the Dairy Federation over many years to understand 
the vulnerability of Whatcom County ground and surface water and to develop and implement 
a fecal coliform TMDL.  A summary of Ecology’s main concerns about the project are as 
follows: 
 



1) Although groundwater monitoring is mentioned in the proposal, WCD’s April 30th 
presentation indicates there are no plans for tracking groundwater conditions. 



2) Risk factors listed in the ARM system are currently not adequate to protect both 
groundwater, surface water, and shellfish growing areas (e.g., permeable soils are 
rated “low risk” in the proposal). 



3) Complex chemical, biological, and physical systems in soil and groundwater make 
predictions of the impacts of winter manure application uncertain. 



4) It is unclear that the ARM System is at least as protective of groundwater quality as 
AKART (all known, available, and reasonable technology).  The Ground Water 
Quality Standards (Ch. 173-200 WAC) apply to dairies, which for nutrient application 
is:  



a. Agronomic application; and, 



b. Storage during the non-growing season.  



5) While agronomic rate is the focus of ARM, winter storage is not adequately addressed 
in the proposal (e.g., if conditions do not allow for application in either October or 
early the next calendar year, how will manure be managed?). 



6) Oversight is lacking to ensure that land owners conduct field tests appropriately and 
apply amounts of nitrogen needed by the crop. 



 
Suggestions for Improving the Study 



1) Include Nutrient Management Plan (NMP) provisions: 



a. Require farms eligible for ARM testing to have up-to-date farm plans (number 
of cows, amount of land, winter storage capacity). We suggest that WCD re-
certify participating NMP’s and make them available to Ecology and 
Agriculture for inspection. 



b. Notify Ecology (Bellingham Field Office) and Agriculture of the location and 
provide ARM spreadsheet information from the WCD when manure is applied 
in winter at study sites. 



c. For those dairies that are permitted CAFOs, these operations are required to 
follow nutrient management plans that have been reviewed and approved by 
Ecology. Permitted CAFOs in Whatcom County would only be eligible to 
participate in an ARM pilot project if their plans are revised to incorporate the 
ARM and are reviewed and approved by Ecology. 
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2) In partnership with Ecology and Agriculture, revise the logic model and risk factors to 
adequately protect groundwater, surface water, and shellfish growing areas, 
incorporating the following risk factors:  



a. Adequately identify coarse-textured soils, which pose a high risk for 
groundwater. 



b. Exclude from consideration for application using ARM fields where: 



i. Ground water nitrate exceeds 5mg/L, or  



ii. Fall soil  nitrate exceeds 15 mg/kg, or 



iii. Phosphorus index is high or very high, or 



iv. Vegetation is sparse. 



c. Implement vegetative buffers at all locations using the ARM where surface 
waters or conduits to surface or ground waters exists. Such buffers should meet 
NRCS FOTG to reduce sediment, sediment absorbed contaminants and 
dissolved contaminants. 



d. Setbacks should be consistently applied in conjunction with vegetative buffers. 



3) Contract with a Washington-licensed hydrogeologist to design and conduct 
groundwater monitoring and analyze results according to standard operating 
procedures consistent with those used by the USGS. Items to include (from Nielsen, 
2006): monitoring network design; sampling protocols; analytical protocols; and data 
analysis. 



4) Ensure that monitoring objective(s) include either before/after or control/test 
conditions to evaluate the effectiveness of the ARM System in protecting 
groundwater, surface water, and shellfish.   



5) Scale back the number of test fields to 4 every 2 years. At least 2 years of monitoring 
data are needed to account for variation in weather, crop growth, and management 
practices. Reduction in test fields will free up funding to support groundwater and 
crop monitoring. 



6) Based on the outcome of the first 2 years of study, add 2 additional sites in year 3. The 
control site for the initial 2 years may serve as a control for the additional site(s) added 
in year 3. 



7) Monitor harvested crop nitrogen to help evaluate program effectiveness. 



8) Perform testing and evaluation of monitoring results before revising additional NMPs 
to include the ARM System. Involve Ecology, EPA, Agriculture, NRCS, the 
Conservation Commission and the Lummi and Nooksack tribes, and local entities in 
decisions related to implementing the ARM System in additional NMPs. 



 
Lastly, Ecology needs to be clear that under federal law we have a responsibility to take 
compliance action whenever we are made aware of a pollution discharge. We will not focus 
on ARM participants but such participants must understand that the project does not 
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immunize them from the law.  With respect to compliance and enforcement, Ecology will not 
treat ARM participants any differently than any other producer. 
 
We have done a tremendous amount of work with the WCD and EPA over the years.  
Ecology is eager to get back to the clean water successes of the late 1990s early 2000s that we 
worked collaboratively to achieve in Whatcom County.  Over the past couple decades, the 
regulatory, environmental and market changes have been significant.  Consequently, we need 
much better coordination and communication to effectively meet these challenges in a way 
that improves environmental protection while working for farmers.  
 
Thank you for the opportunity to comment on the project proposal. We would like to continue 
to participate in development of this study.  Ecology’s point of contact for this work is Dick 
Grout, who can be reached at (360) 715-5203. Dick will be supported by staff Ron Cummings 
and Barb Carey, particularly on technical matters.  You can also reach me at (360) 407-6829 
should you have any questions. 
 
Sincerely, 
 



 
 
Josh Baldi 
Special Assistant to the Director 
 
cc: Nora Mena, Department of Agriculture 



Mark Clark, Conservation Commission 
Roylene Rides-at-the-Door, Natural Resource Conservation Service 
Tom Eaton, Environmental Protection Agency 
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Figure 1.  Groundwater nitrate concentrations in wells sampled by Ecology from 1997 through 2007 and depth to water (Tooley and Erickson, 1996; 
Erickson, 1998; Carey, 2002; Redding, 2008, and unpublished data from Ecology’s Environmental Assessment Program). 













From: Nichole Embertson
To: Jill  Gable/R10/USEPA/US@EPA
Subject: Original Comments
Date: 11/09/2010 08:38 AM
Attachments: Response to DOE Comments on ARM-061710.pdf


Hey Jill,
 
Attached are the responses I gave to EPA in response to the first letter that DOE sent to EPA in June.
They sent a hardcopy so I don’t have an electronic copy of that (you might be able to get one from
DOE or Krista). I thought it would be good if you had this, as it seems many of the same issues have
come back up, particularly from Dave Ragsdale and DOE.
 
Thanks,
Nichole
 
___________________________________
 
Nichole M. Embertson, Ph.D.
Scientist, Project Manager
Sustainable Livestock Production Program
Whatcom Conservation District
6975 Hannegan Road
Lynden, WA  98264
O: (360) 354-2035 x 126
F: (360) 354-4678
E: nembertson@whatcomcd.org
W: www.whatcomcd.org
 
The contents of all e-mail transmissions to and from this office may be considered public information and subject
to the provisions of the State of Washington Public Records Act.
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Response to Department of Ecologies comments on the Whatcom 
Conservation District ARM Project (June 21, 2010) 
 
For content and individual questions addressed in this response, see letter from Department of 
Ecology dated June 9, 2010 in relation to “Ecology Comments on Proposed ARM Project”. The 
following responses were written for EPA so that they would know how WCD is addressing 
DOEs concerns regarding our ARM project.  
 
Background: We created the ARM project because of recognition of the limitations of the 
current model in meeting the needs of the farmer and protecting the environment. We were asked 
by agency and tribal representatives whether there was something we could do to improve the 
situation. Drawing upon nearly a dozen years applying and observing the current paradigm, we 
identified the need for a tool that comprehensively addressed surface runoff, groundwater, and 
air pollution risk. Pressed by the demands of running a dairy, producers need tools that they can 
easily use to assess the proper utilization of their nutrients while also avoiding environmental 
degradation. While the DNMP instructs them to consider a multitude of factors, it does not 
provide enough guidance or clarity on how to give weight and reconcile each to the other.  
Today’s producers are typically well educated and good managers, but rarely schooled in the 
science of nutrient pathways and transport mechanisms. The more successful they are with this 
objective, the less likely it is that nutrients and pathogens will negatively impact surface and 
ground water. The ARM tool would interpret and give proper weight to the numerous biological, 
physical, and environmental factors necessary to achieve these overlapping goals. It should be 
noted that we are not proposing any new activities under the ARM system. We are taking current 
activities (i.e., manure application, winter application, etc.) and creating a tool to optimize them 
and make risk analysis more accessible to farmers.  This project will provide the scientific data 
necessary to ensure the accuracy of the background calculations, and in doing so, ensure the 
efficacy of the tool.  It should also prove valuable to agencies charged with protecting and 
improving the environment. 
 
Response: 
 
Page 2, Paragraph 4 – This is both a research and implementation project, but is primarily a 
research project. We understand the importance of proofing our proposed ARM tool with good 
science and testing and our proposal is centered around that.  
 
Page 2, Paragraph 5 – While DOE brings up some very important issues: improvement of 
NMPs oversight and implementation, vegetative practices and setbacks, and compliance and 
enforcement, these are not issues appropriately addressed by our research project. They are 
issues of much broader scope and deserve individual attention. It must be noted however, that all 
dairies in Whatcom county are currently required to have NRCS approved vegetative practices in 
place and follow manure setback distances. This is not a lacking or new measure. Additionally, 
this project will provide additional oversight and better implementation of manure application at 
agronomic rates. 
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Page 3, #1-6, “Concerns about the Proposal” – Most of these statements are too vague and 
provide no examples to offer clarification of; however, a best explanation is provided below for 
each: 
 
1) The presentation on April 30th went over all sampling protocols including groundwater 
sampling, which at that time was described as using lysimeters and soil pore moisture samplers. 
What was stated was that we were not going to measure deep (>6 ft) groundwater, nor model 
groundwater flow patterns. The use of deep monitoring wells introduces too much variability 
from outside sources and has little to no value for our monitoring campaign. We intend on 
monitoring soil water within and immediately below the root zone, as well as groundwater, 
should it be found, within those zones. By focusing on the interactions and processes occurring 
around the plant root zone, we will be better able to identify those factors and practices 
associated with manure application that minimize loss pathways. Any nitrate that travels below 
the root zone of the plant is subject to leaching, denitrfication, immobilization, or movement in 
seasonal groundwater fluctuation. Conducting a detailed analysis and evaluation of nitrate 
transport to groundwater below this range is not beneficial to the project outcome and will 
dissipate limited resources.  
 
2) The risk factor example listed in the proposal and shown at the April 30th meeting was in 
relation to surface water runoff risk. It was not an example of a risk analysis for potential 
leaching to groundwater. Since they are based on different characteristics, we plan on showing 
the risk factors for surface water, ground water, and air quality on separate maps. However, it 
must be noted, that by following the risk factors and precautions (i.e., agronomic application 
rates, forecast, soil saturation) outlined in ARM system for one resource, you generally also 
address the other resources in a mutually beneficial way. We plan on working with project 
partners to make sure that all risk factors and evaluations are comprehensive and addressed in a 
scientifically responsible manner.  
 
3) The statement made by DOE about the uncertainty of predictions in natural systems is true for 
all biological and chemical systems at any time of the year, not just winter. The point of the 
ARM worksheet is to evaluate the specific characteristics related to natural systems and help 
identify and avoid risk associated with application of manure to that system. The collection of 
field data will help us refine and optimize the risk calculations associated with the worksheet to 
reduce uncertainty and base our recommendations on sound science, not predictions.  
 
4) The purpose of any research project is to test the hypothesis, provide information, and offer 
technical outreach. In our case, it is our goal to show that the ARM system is as protective, or 
more protective to ground water, surface water, and air as the current known, available, and 
reasonable technology (AKART) associated with manure application. In this case, there is 
available information, but no available tools to help farmers limit application risk. The ARM 
system does not supplant the current practices of agronomic application and adequate storage, 
but rather creates a tool that works in conjunction with and optimizes these practices, while also 
providing an additional level of protection to resources.  Furthermore, with a better 
understanding of these dynamics should come greater certainty as to what is meant by “adequate 
storage”. The typical guidance of six months of storage is a subjective conclusion that in some 
circumstances is woefully inadequate. Storage in excess of needs should be avoided because of 
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the implications relative to lagoon integrity and the misinterpretation that addition storage is a 
replacement for good and efficient management.. 
 
5) The issue of “adequate storage” is important, however, it is not independent of the processes 
of proper application or crop utilization, which are addressed by this project. All of these systems 
must work in concert for effective manure management to occur. The information to be gained 
from this project will help us better understand the interconnectivity of these systems and 
evaluate the environmental risk associated with manure application to farm fields at any time of 
the year, not just in the winter months. It must also be reiterated that the ARM system is not a 
substitute for adequate storage. Storage needs are addressed in individual DNMPs and are based 
on animal numbers, estimated manure production, localized rainfall, runoff collections, and crop 
rotation, and can vary greatly by operation. The utilization of the ARM system will lend more 
support to that evaluation, not supplant it. Additionally, it should be noted that in Whatcom 
County, and areas with similar soils and climatic conditions, the number of farms  with fields 
that qualify for early season (Jan-Feb) manure application are fairly limited (~10% of the total 
available acres), so it is not feasible to use this as a method of storage mitigation. The benefits of 
winter application are better utilization, growth, and uptake by crops, not waste elimination. 
With a better understanding of the nutrient management system, regulatory agencies will be in a 
better position to assess risk at each step and conclude what is an appropriate margin of safety 
for manure storage on a case by case basis. 
 
6) It is unclear if this is a general statement directed at regulatory agencies (WSDA, DOE), or in 
direct relation to the ARM project. As to the latter, it can be assured that project farms will be 
under a higher level of oversight and scrutiny compared to non-project farms. Records of manure 
application, along with soil and manure tests will be collected for all test fields as instructed by 
project guidelines. Additionally, all completed ARM worksheet will be submitted to WCD for 
review and approval prior to application. In addition to providing feedback, this will ensure that 
all steps have been followed and that proper manure application is taking place. 
 
Page 3-4, #1-8, “Suggestions for Improving the Study” – See comments below for each point 
in this section. 
 
1 a) As stated in the project proposal, all farms participating in the study will undergo an update 
of their DNMP, which requires re-approval and re-certification. All plans are available to WSDA 
inspectors as dictated in applicable rules and regulations. Additionally, it is important to note that 
all Washington dairy operations are required to have a dairy nutrient management plan (DNMP) 
that outlines the appropriate use of nutrients based on desired environmental protection 
objectives, which will vary by producer and region. Within the DNMP are guidelines and NRCS 
approved practices to meet all State and local laws such as the Critical Areas Ordinance and 
Manure Ordinance, as well as requirements for nutrient management (NRCS 590) which 
includes fall nitrate testing, P-index analysis and protection measures for surface and ground 
water. All DNMPs are written so that animal numbers, estimated manure production and runoff 
collection, and land base are in balance with manure storage availability. Whatcom County has 
the strictest regulations and guidelines in the State, and we are proud to be progressive and 
responsive to the challenges that we face in this area. 
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1 b) Both anonymity and confidentiality of test farms and information will be practiced to ensure 
the protection of test farms from unnecessary scrutiny and attention which may alter study 
results. WSDA will have availability of test farm participants on a case by case basis as it relates 
to the WSDA inspector necessitating proper enforcement and adherence to dairy rules and 
regulations as outlined in their DNMP. Test farms will keep accurate records of all manure 
application dates and rates as outlined in their DNMP, and follow all ARM worksheet guidance 
as dictated by the project guidelines.  
 
1 c) We will not be using permitted CAFOs as test participants in our project.  
 
2 a) All soil types associated with a farm will be outlined and their individual characteristics 
assessed on a field level. That information is used to create overall risk ratings and identify the 
primary risk factors (i.e., groundwater, surface water, air) associated with the field. 
 
2 b) The exclusion considerations requested by DOE are not an effective means of protecting 
ground or surface water pollution. The only effective means of mitigation is to increase analysis 
or resources, education, and accountability in areas of high risk. By not testing the ARM system 
in these areas, it eliminates the most important areas where our efforts will be effective. The 
ARM system does not encourage any activities that will increase the current rate or potential of 
pollution. In fact, when used effectively, the ARM system will decrease surface water, 
groundwater, and air pollution concurrently. Limiting working areas within the County is not an 
effective means of protection of resources. Our farm site selection will be based on producer 
compliance, location within the watershed, and risk factors. We intend on conducting our study 
in representative areas of the project Watersheds (Noocksack, Strait of Georgia) to ensure we are 
able to account for the unique factors located within each area. Applying DOE suggested 
guidelines to all applications throughout the year is not appropriate and precludes current 
guidelines set forth by NRCS and local laws and ordinances. It must be noted that all of the 
factors listed, except #i, are already addressed in DNMPs (see below): 
 
 i) A review of current groundwater nitrate levels will show that the majority of 
agricultural areas within Whatcom County are above the DOE suggested threshold of 5 mg/L. 
This suggests that these areas are in need of a system to help reduce nitrate formation and 
transport to groundwater. Instead of limiting our project farms based on this threshold, it seems 
more appropriate that we use that threshold to target these areas for ARM analysis to be able to 
optimize the system for maximum benefit in these high risk areas. The ARM system is designed 
to eliminate the factors that currently contribute to fall nitrate leaching, and prevent application 
practices that would increase potential for N transport at any time of the year. The inclusion of 
the ARM system to high risk areas will likely serve as a means of reduction of nitrate movement, 
not as a contributor. The project is designed to demonstrate this through careful testing, analysis, 
and technical assistance. 
 
 ii) The use of the fall soil nitrate level is a very inappropriate value to use for any type of 
regulatory purpose. The fall nitrate test is used as a tool for farms to gauge how their manure 
application rates matched the crop needs for the year by what is left over. It is a “yes or no” tool, 
not a definitive value of nitrate availability, and is not valid for any type of application rate 
decisions the following year. This is because nitrate levels will vary significantly after the fall 











 5



because nitrate is highly susceptible to movement into the soil profile, dilution, and conversion 
with increased precipitation and decreased soil temperatures. Due to these factors, it is highly 
variable depending on when samples are taken and notoriously unreliable. Taking soil samples 
just prior to manure application is a much better gauge of available N in the soil profile. Our 
project will be taking fall and spring soil nitrate levels and correlating them to other measured 
factors to assess their usefulness and affectivity within the N system. 
 
 iii) According to NRCS nutrient management (590) guidelines, which are included in all 
DNMPs, all fields with a P-index of high or very-high are either applied to at P levels, which are 
usually considerably lover than typical N application concentrations, or not applied to at all. This 
guidance is always followed. 
 
 iv) Vegetation density is already accounted for in the ARM proposal. We have stated that 
vegetation must have at least a 75% stem density for a field to be considered for application 
during high risk times. Bare fields, such as corn fields, are not eligible for early season 
application (i.e., Jan-Feb). Only grass fields and vigorously growing cover crops that will be 
harvested are eligible for early season application. Corn fields are allowed to be applied to when 
conditions and timing are appropriate (i.e., April-May). 
 
2 c) Some type of vegetative buffer (i.e., filter strip, relay crop, cover crop) is already required 
for all dairies in Whatcom County. All farm fields used in the study with an adjacent waterway 
or wetland area will have a buffer already in place. Buffer width and characteristics is required 
information in the ARM worksheet. 
 
2 d) Seasonal application setback distances are already required for all farms in Whatcom 
County and are outlined in the DNMP. Setback distances are required input in the ARM 
worksheet. 
 
3) We will be partnering with Western Washington University and Agriculture and Agri Food 
Canada on groundwater monitoring activities and analysis. We will also be consulting with 
USGS on groundwater monitoring and methods. We will follow all laws, regulations, and SOPs 
relating to those monitoring activities. 
 
4) Sampling procedures are already outlined in the proposal including the use of paired testing 
(before and after), as well as the use of controls for determination of system affectivity.  
 
5) By scaling back the number of test fields to that proposed by DOE (8), we would not be able 
to draw any statistically significant conclusions, nor be able to minimize variability enough to 
draw a conclusion over an area larger than the sample field. The number of test sites and samples 
taken will be based on statistical sample size calculations that account for variance and 
confidence level (α = 0.05). By sampling based on statistically valid sample numbers, we will 
ensure a reduction of variability and a representation of a larger sample area. With assistance 
from graduate students at Western Washington University, all samples will be taken in a timely 
and appropriate manner. We are not concerned about lack of staff time or availability for sample 
attainment.  
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6) Similar to comments on #5 above, we will choose a statistically valid number of sample plots 
to attain the desired results. Additionally, there will not be one “control site”. Having one site 
that all other test farms are compared against is not a proper statistical model in this case and will 
not yield any valid conclusions. Particularly since field characteristics, weather conditions, and 
management are highly variable from farm to farm. Instead, we will have control fields at each 
test farm and/or adjoining paired test farms to ensure that control and sample plots are being 
accurately compared based on similar soil type, weather conditions, manure type, management, 
etc.  
 
7) Sampling of crop for nitrogen, as well as other components (i.e., soil, manure, water, air), is 
already outlined in the proposal. We will be testing nitrogen throughout the system (air, water, 
soil, manure, crop) in order to determine its preferential pathways throughout the year, as well as 
the effect of the ARM system on crop N uptake and loss. 
 
8) The ARM system will not be implemented County wide until the system has been properly 
evaluated and all outreach tools developed. All project partners listed in the proposal will be 
involved in that process and have input into the success and viability of our end product.  
 
Page 4-5, Paragraph 8-1 – All ARM project participants must follow all guidelines, laws and 
regulations currently in place. By being involved in the project they are not granted immunity 
from regulations nor are they allowed to have a discharge. All project participants will be 
presented with a disclaimer that states that they are ultimately responsible for their actions and 
the consequences that go with them. 
 
 
 
 
 
 
 
 
 
For further clarification on any of these points, please contact: 
 
Nichole M. Embertson, Ph.D. 
Lead Scientist, Project Coordinator 
Sustainable Livestock Production Program 
Whatcom Conservation District 
6975 Hannegan Road 
Lynden, WA  98264 
O: (360) 354-2035 x 126 
F: (360) 354-4678 
E: nembertson@whatcomcd.org 
W: www.whatcomcd.org  
 













From: Nichole Embertson
To: Jill  Gable
Cc: Jennifer Crawford; Krista Mendelman; Karma Anderson
Subject: QAPP Approval
Date: 03/08/2011 12:02 PM


[attachment "GWAddendumtoQAPP_030811.docx" deleted by Jill
Gable/R10/USEPA/US] 
[attachment "WCD_ARM_QAPP_PO-00J08101-0_030811.docx" deleted by Jill
Gable/R10/USEPA/US] 


Jill,


 
Per our discussion, I have attached our current QAPP without the groundwater monitoring
information for approval. The attached QAPP (Version 1.1) incorporates the most recent comments
received by Jennifer Crawford and Curt Black, as well as a scale-up scenario for the yearly addition
of test plots (section 10.2.4).  In addition, I have attached a supplement document that includes
what groundwater information will be added to the QAPP via an addendum following the
attainment of funding and methods approval (this information is still open to change following
technical review by an outside consultant). 


 
Because we are unsure of the timeframe to secure funding and approval of the groundwater
monitoring component of the study, we are requesting approval of our current QAPP so that we may
begin installation of some of the field equipment before normal farming activities begin for the
season. An equilibration period is appropriate between the installation and sampling of lysimeters
so that the soil profile can return to an undisturbed profile prior to sampling. It will also give us an
opportunity to test the operation and methods of other field equipment prior to sampling
commencement.


 
If you have any questions or would like further information, please let me know. Thank you for your
timely response on this matter.


 
Respectfully,
Nichole
___________________________________


 
Nichole M. Embertson, Ph.D.
Nutrient Management and Air Quality Specialist
Sustainable Livestock Production Program
Whatcom Conservation District
6975 Hannegan Road
Lynden, WA  98264
O: (360) 354-2035 x 126
F: (360) 354-4678
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E: nembertson@whatcomcd.org
W: www.whatcomcd.org 


 
The contents of all e-mail transmissions to and from this office may be considered public
information and subject to the provisions of the State of Washington Public Records Act.
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From: Nichole Embertson
To: Jill  Gable; Jennifer Crawford; Karma Anderson
Cc: Krista Mendelman
Subject: QAPP
Date: 03/24/2011 12:05 PM


[attachment "WCD_ARM_QAPP_PO-00J08101-0_032411_FinalV1.2.pdf" deleted by Jill
Gable/R10/USEPA/US] 
Jill,


Attached you will find the final version of our QAPP with requested
additions and revisions (i.e., addendum language, Karma signatory, NH3/NH4).
Both George and I have signed the Approval Sheet. 


Please let me know if you have any questions. 


Thanks,
Nichole


___________________________________
 
Nichole M. Embertson, Ph.D.
Nutrient Management and Air Quality Specialist
Sustainable Livestock Production Program
Whatcom Conservation District
6975 Hannegan Road
Lynden, WA  98264
O: (360) 354-2035 x 126
F: (360) 354-4678
E: nembertson@whatcomcd.org
W: www.whatcomcd.org 
 
The contents of all e-mail transmissions to and from this office may be
considered public information and subject to the provisions of the State of
Washington Public Records Act.
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From: Nichole Embertson
To: Mathieu, Nuri (ECY); Jill  Gable/R10/USEPA/US@EPA; Chris Clark; Maggi, Martha (ECY); Cummings, Ron (ECY);


Carey, Barb (ECY); George Boggs; Curt Black/R10/USEPA/US@EPA
Cc: Gildersleeve, Melissa (ECY); Krista Mendelman/R10/USEPA/US@EPA; Linda Anderson-


Carnahan/R10/USEPA/US@EPA; Karma Anderson/R10/USEPA/US@EPA
Subject: RE: ARM meeting yesterday
Date: 06/10/2011 12:46 PM


Thank you Nuri for your words.
 
I appreciate your feedback and collaborative attitude and look forward to working with you in the
future. I am glad some clarity and peace of mind was achieved in our meeting on Wednesday and I
appreciate everyone’s willingness to work through the process and make forward moving progress.
It has taken a year to get here, but I am glad we have moved into a more cooperative relationship
and I look forward to maintaining that throughout the rest of project.
 
If any additional questions, ideas, or comments come up, please let me know. Unless specifically
requested and deemed appropriate, we will be moving out of these exclusive meetings and into the
prescribed cohort meeting process outlined in the project process. I appreciate all of your time and
effort in making this a well-developed project and am hopeful of the results and project outcome.
 
Respectfully,
Nichole
___________________________________
 
Nichole M. Embertson, Ph.D.
Nutrient Management and Air Quality Specialist
Sustainable Livestock Production Program
Whatcom Conservation District
6975 Hannegan Road
Lynden, WA  98264
O: (360) 354-2035 x 126
F: (360) 354-4678
E: nembertson@whatcomcd.org
W: www.whatcomcd.org
 
The contents of all e-mail transmissions to and from this office may be considered public information and subject
to the provisions of the State of Washington Public Records Act.
 
 


From: Mathieu, Nuri (ECY) [mailto:NMAT461@ecy.wa.gov] 
Sent: Thursday, June 09, 2011 4:19 PM
To: Gable.Jill@epamail.epa.gov; Nichole Embertson; Chris Clark; Maggi, Martha (ECY); Cummings, Ron
(ECY); Carey, Barb (ECY)
Cc: Gildersleeve, Melissa (ECY)
Subject: ARM meeting yesterday
 
Hi all,
 
First off, I’ll echo everyone’s thanks to Jill for pulling yesterday’s meeting together and leading us
through this process in general. I’d also agree with the statement that we made some good progress
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in the meeting.
 
Just to clarify one important point (for me) in our discussion of the ARM system yesterday. At the
meeting the CD stated something to the effect of: ‘fields where the static (pre-determined) soil risk
rating is medium-high or high (for runoff) will NOT receive any manure application during the winter
under any circumstances with the ARM system.’
 
This makes a big difference in my mind, in terms of surface water risks, so I was relieved to hear
that. I went back through the CD’s responses to Ecology’s comments and could not find that
previously communicated anywhere. However, If I did miss that in previous communications, I do
apologize.
 
And thank you to Nichole and Chris for taking the time to go through our comments so thoroughly.
------------------------------------------------------------
Nuri Mathieu -- Water Quality Scientist
Environmental Assessment Program
WA Department of Ecology
360.407.7359
 








From: Nichole Embertson
To: Jill  Gable/R10/USEPA/US@EPA
Cc: Krista Mendelman/R10/USEPA/US@EPA; Karma Anderson/R10/USEPA/US@EPA; Curt


Black/R10/USEPA/US@EPA; George Boggs
Subject: RE: Curt's comments
Date: 02/18/2011 09:35 AM


Thanks for sending that document over Jill.


I did a rough calculation for the cost of adding a good GW monitoring campaign to our study. 
Things I included in my assessment are: project management, aquifer analysis, groundwater modeling, 
monitoring wells, field supplies, well installation cost, permits from DOE to install wells, sample 
collection (labor), sample analysis (laboratory), data [input, review, analysis, and reporting], 
and decommissioning of wells.  With a rough cost input for each of these categories for sampling 
five 10 acre fields over four years, with one 10 foot well per acre, I came up with a total 
project cost of $369,000. Over $100,000 of that cost is for laboratory analysis alone. If ECY is 
okay with us only measuring nitrate, ammonium, EC, dissolved oxygen, and temperature, then that 
cost can significantly be reduced to just QC analysis, as we have a field probe we could measure 
the mentioned parameters with for no additional cost. Also, because we do not have the in-house 
resources or expertise to do the aquifer analysis, modeling, and well installation work, we would 
be subcontracting that work out based on a competitive bid process. That may actually increase the 
projected labor and project management costs. 


If EPA is able to come up with way to add this monitoring campaign to our study, we would 
seriously consider adding it if paired with a good scientific justification and objectives. 


Let me know if you have any questions.


Cheers,
Nichole


___________________________________
 
Nichole M. Embertson, Ph.D.
Nutrient Management and Air Quality Specialist
Sustainable Livestock Production Program
Whatcom Conservation District
6975 Hannegan Road
Lynden, WA  98264
O: (360) 354-2035 x 126
F: (360) 354-4678
E: nembertson@whatcomcd.org
W: www.whatcomcd.org 
 
The contents of all e-mail transmissions to and from this office may be considered public 
information and subject to the provisions of the State of Washington Public Records Act.
 


-----Original Message-----
From: Gable.Jill@epamail.epa.gov [mailto:Gable.Jill@epamail.epa.gov] 
Sent: Thursday, February 17, 2011 1:45 PM
To: Nichole Embertson; Mendelman.Krista@epamail.epa.gov; Anderson.Karma@epamail.epa.gov; 
Black.Curt@epamail.epa.gov
Cc: Mendelman.Krista@epamail.epa.gov; Anderson.Karma@epamail.epa.gov; Black.Curt@epamail.epa.gov
Subject: Curt's comments


Hi Nichole,


Here is Curt's proposed sampling plan.  Here is what he had to say about
it:


"If we can do this study, as written here, we will answer some important questions beyond just the 
concentration of nitrate in the unsaturated zone under differing soil treatments.  We are getting 
an answer to the question, "what level of manure application is protective of ground water as a 
resource?"  We are further answering the question, "What density of lysimeter installations is 
necessary to quantify the flux of
nutrients to the ground-water system?"    Finally, we are directly
determining the comparability of lysimeter data and the direct measurement of nutrient loading to 
the  water table.


What I have traded is the out-year funding for early and more intensive monitoring.  I am asking 
that we not scale up the project until we have demonstrated the ability to see the effects of the 
changes in manure application treatments.  I am asking that we start with only three farms and use 
a total of six, ten-acre test plots for the first two years.
The monitoring we will do will be evaluated for its adequacy to see the direct effects of manure 
management on the resources we are trying to protect.  I am asking that the tool be iteratively 
modified using the feedback of ground-water data so that we only apply at levels that are
protective of ground water as a resource.    It is possible that the
project will never get to 35 farms.  I believe that good, usable data that allows us to clearly 
see the effects we are having on unsaturated-zone water, ground water and soil nutrient levels is 
better than a larger scale project with environmental effects we cannot determine."


As we discussed earlier today, we are working on trying to find an alternate funding source for 
the monitoring wells.  We'll keep you posted on our progress in that arena.  If you have a rough 
cost estimate that has been worked up, could you please send it to me?  Thanks.


Karma is out this week, but I am going to try to schedule a call for all of us for next week, so 
that we can talk some of this through in more detail, after you've had a chance to digest it.  
I'll get back to you soon with a time.  Thanks so much and please don't hesitate to contact me if 
you have questions in the meantime.


jill
(See attached file: WCD_ARM_QAPP_V1dot1-CB-Comments.docx)
_____________________________
Jill Gable, Watershed Unit
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US EPA, Region 10
1200 Sixth Ave., Suite 900 (OWW-134)
Seattle, WA  98101-3140
(206) 553-2582, (206) 553-0165 (fax)
gable.jill@epa.gov








From: Nichole Embertson
To: Jill  Gable/R10/USEPA/US@EPA
Subject: RE: EPA responses to Ecology
Date: 04/28/2011 08:36 AM


Thanks for sending that along Jill.


The only comment I would make is that EPA's response to Ecologys comment:
 "q.    P. 11.1.2-If you have enough sample, chloride would be a helpful tracer to distinguish 
between current manure application and nitrate mineralized from previously applied organic nitrogen 
or  from inorganic fertilizer (if used).  (If chloride isn't part of your monitoring scheme for 
manure and groundwater I would suggest adding it as a tracer.  Surface water too if possible.)  
4/25 deleted


4/25 revised statement:  (new p) P. 11.1.2-If there is enough sample, chloride would be a helpful 
tracer to distinguish between current manure application and nitrate mineralized from previously 
applied organic nitrogen or  from inorganic fertilizer (if used). "


Should have been: "Consideration will be taken to add chloride or boron analysis as a tracer to 
water quality analysis. This addition will occur pending approval of the groundwater monitoring 
portion to the study." Instead of: "This is outside the project scope. ".


Thanks,
Nichole


___________________________________
 
Nichole M. Embertson, Ph.D.
Nutrient Management and Air Quality Specialist
Sustainable Livestock Production Program
Whatcom Conservation District
6975 Hannegan Road
Lynden, WA  98264
O: (360) 354-2035 x 126
F: (360) 354-4678
E: nembertson@whatcomcd.org
W: www.whatcomcd.org 
 
The contents of all e-mail transmissions to and from this office may be considered public 
information and subject to the provisions of the State of Washington Public Records Act.
 


-----Original Message-----
From: Gable.Jill@epamail.epa.gov [mailto:Gable.Jill@epamail.epa.gov] 
Sent: Wednesday, April 27, 2011 3:49 PM
To: Nichole Embertson
Subject: EPA responses to Ecology


Hi Nichole,


Here are our responses to the most recent comments from Ecology.  I'll be in the office tomorrow 
if you have any questions.  Thanks.


jill


(See attached file: Internal Draft of EPA response to Ecology's comments on Whatcom CD ARM QAPP v 
1.2 - QA Response 4-27-2011.doc) _____________________________ Jill Gable, Watershed Unit US EPA, 
Region 10
1200 Sixth Ave., Suite 900 (OWW-134)
Seattle, WA  98101-3140
(206) 553-2582, (206) 553-0165 (fax)
gable.jill@epa.gov
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From: Jill  Gable
To: Jeremy Freimund
Subject: RE: USGS QAPP for Whatcom ARM project
Date: 09/21/2011 11:15 AM


Hi Jeremy,


Thanks so much for letting me know.  We'll go ahead and move forward then. 
Please let me know if any questions come up in the future about how the project is
progressing.  Take care.


jill


_____________________________
Jill Gable, Watershed Unit
US EPA, Region 10
1200 Sixth Ave., Suite 900 (OWW-134)
Seattle, WA  98101-3140
(206) 553-2582, (206) 553-0165 (fax)
gable.jill@epa.gov


▼ Jeremy Freimund ---09/21/2011 11:07:25 AM---Hi Jill, I hope that you are doing
well.  I do not have any further comments.


From:    Jeremy Freimund <JeremyF@lummi-nsn.gov>
To:    Jill Gable/R10/USEPA/US@EPA
Date:    09/21/2011 11:07 AM
Subject:    RE: USGS QAPP for Whatcom ARM project


Hi Jill,
I hope that you are doing well.  I do not have any further
comments.
Kind Regards,
Jeremy


Jeremy R. Freimund, P.H.
Water Resource Manager
Lummi Natural Resources Department
2616 Kwina Road
Bellingham, WA  98226


TEL: 360-384-2212
FAX: 360-384-4737


-----Original Message-----
From: Gable.Jill@epamail.epa.gov
[mailto:Gable.Jill@epamail.epa.gov] 
Sent: Wednesday, September 21, 2011 10:24 AM
To: Jeremy Freimund
Subject: USGS QAPP for Whatcom ARM project


Hi Jeremy,


I just wanted to check in with you to see if you had any
comments on the
USGS QAPP for the groundwater monitoring portion of the Whatcom
ARM
grant.  I just wanted to make sure we captured any concerns you
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might
have before we moved forward with approving it.  If you could
just let
me know either way, that would be great.  Thanks so much and
have a
great day.


jill
_____________________________
Jill Gable, Watershed Unit
US EPA, Region 10
1200 Sixth Ave., Suite 900 (OWW-134)
Seattle, WA  98101-3140
(206) 553-2582, (206) 553-0165 (fax)
gable.jill@epa.gov








From: Nichole Embertson
To: Jennifer Crawford
Cc: Jill  Gable; Don Matheny
Subject: RE: Whatcom ARM - QAPP clarification
Date: 04/26/2011 08:45 AM


[attachment "Whatcom ARM ECY Questions - EPA proposed responses for WCD
review 4-25-11 - NME rev.docx" deleted by Jill Gable/R10/USEPA/US] 
Hi Jennifer,


See my changes to the QAPP responses attached. You captured most of what we
talked about yesterday, I just made a couple of clarifying changes (I used
Track Changes). I appreciate you sending this to me so that I have a heads-
up on what their remaining questions and concerns are and can be prepared to
address them next week.


Thanks for working on this!


Cheers,
Nichole
___________________________________
 
Nichole M. Embertson, Ph.D.
Nutrient Management and Air Quality Specialist
Sustainable Livestock Production Program
Whatcom Conservation District
6975 Hannegan Road
Lynden, WA  98264
O: (360) 354-2035 x 126
F: (360) 354-4678
E: nembertson@whatcomcd.org
W: www.whatcomcd.org 
 
The contents of all e-mail transmissions to and from this office may be
considered public information and subject to the provisions of the State of
Washington Public Records Act.
 


-----Original Message-----
From: Crawford.Jennifer@epamail.epa.gov
[mailto:Crawford.Jennifer@epamail.epa.gov] 
Sent: Monday, April 25, 2011 4:46 PM
To: Nichole Embertson
Cc: Gable.Jill@epamail.epa.gov; Matheny.Don@epamail.epa.gov
Subject: Whatcom ARM - QAPP clarification


Hi Nichole,
Attached are some selected Ecology questions/comments regarding the Whatcom
ARM QAPP (from the list they submitted), along with our proposed EPA
response.  We decided to verify our responses with you directly prior to
submitting back to ECY.  Please edit directly in the Word
document.   If you could get this document back to us tomorrow, we would
really appreciate it.  EPA is trying to get a final document of responses
back to Ecology on Wednesday or sooner.  Note that the comments I identified
that I would email you (regarding possible unintended sand filtration and
sterilization/blank analysis of the
buckets) are included in this list as well.


Thanks for your time on the phone today.
Have a great night,
Jennifer
(See attached file: Whatcom ARM ECY Questions - EPA proposed responses for
WCD review 4-25-11.docx) Jennifer Crawford Chemist - RSCC, CLP PO Alt.
USEPA Region 10
1200 Sixth Avenue Suite 900, OEA-095
Seattle, WA 98101
crawford.jennifer@epa.gov
(206) 553-6261
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From: Jeremy Freimund
To: Jill  Gable/R10/USEPA/US@EPA; Llyn Doremus
Cc: George Boggs; Hood, Steve (ECY); Leroy Deardorff
Subject: RE: Whatcom ARM QAPP
Date: 11/04/2010 11:29 AM
Attachments: Whatcom QAPPJRFcomments.doc


Hi Jill,
I hope that you are doing well.  Thank you for providing the draft QAPP
in WORD format.  Attached please find my comments and suggested edits to
the QAPP.
Kind Regards,
Jeremy


Jeremy R. Freimund, P.H.
Water Resource Manager
Lummi Natural Resources Department
2616 Kwina Road
Bellingham, WA  98226


TEL: 360-384-2212
FAX: 360-384-4737


-----Original Message-----
From: Gable.Jill@epamail.epa.gov [mailto:Gable.Jill@epamail.epa.gov] 
Sent: Thursday, October 21, 2010 9:42 AM
To: Jeremy Freimund; Llyn Doremus
Subject: Whatcom ARM QAPP


Dear Jeremy and Llyn,


I am the EPA Project Officer for the Whatcom Conservation District's
project "Protecting Puget Sound Watersheds from Agricultural Runoff
Using a Progressive Manure Application Risk Management (ARM)."  Given
the Lummi and Nooksack Tribes' interest in the watersheds around the
project area, I would like to provide you with the draft final Quality
Assurance Project Plan (QAPP) for your review.  EPA is very interested
in hearing any comments that you might care to provide about the
project.  Please just be aware that the final QAPP approval decision is
the responsibility of myself (the Project Officer) and the EPA Quality
Assurance Project Manager, Ginna Grepo-Grove.


Please provide any comments you may have to me in writing by Thursday
November 4.  If you do not have any comments, could you please just send
me a quick email indicating that as well?  I very much appreciate your
input on this project.  Please do not hesitate to call me directly if
you have any questions about this review.  Thank you so much for your
time.


Sincerely,


Jill Gable


(See attached file: WCD ARM Draft Final QAPP.pdf)
_____________________________ Jill Gable, Watershed Unit US EPA, Region
10 1200 Sixth Ave., Suite 900 (OWW-134) Seattle, WA  98101-3140
(206) 553-2582, (206) 553-0165 (fax)
gable.jill@epa.gov
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4. Project/Task Organization



The following section describes the individuals and organizations involved in the project and their primary roles.



4.1. Roles and Responsibilities



The Whatcom Conservation District is responsible for the development, implementation, and monitoring of the ARM project. The granting agency, US EPA Region 10, is responsible for the successful oversight and support for the ARM project. Responsibilities of each individual or agency are as follows.



4.1.1. Whatcom Conservation District



Nichole M. Embertson, Project Manager & Lead Scientist, has an M.S. and Ph.D. in Animal science with a specialty in Environmental Management and will act as Project Manager and lead scientist on the project for WCD. Nichole will be overseeing the scientific and collaborative tasks of the project including ARM creation and installment, sampling methodologies, statistical analysis, outreach, and maintenance of the approved QAPP. 



Dawn Bekenyi, Administrative Assistant, will be responsible for financial and administrative record-keeping tasks associated with this proposal, as well as administration of the QA project plan.  


George Boggs, Executive Director, has a B.S. in Agronomy and a J.D. in Law and will provide direct oversight to District staff and direct communication with regulatory agencies to ensure timely completion of the project tasks within budget. 



Chris Clark, Engineer in Training, has a BS in Biological Systems Engineering with an emphasis in agricultural, soil and water engineering and will participate as a technical resource and engineer for the project. 



Andrew Phay, IT Specialist, has been the GIS Technician for the WCD for seven years, since completing a B.S. degree in Environmental Planning with a minor in GIS Studies and will be providing all GIS mapping services, new technology development, and database activities.



4.1.2. US EPA Region 10


Ginna Grepo-Grove, Project Quality Assurance Manager


Jill Gable, Grant Program Officer 


Karma Anderson, Project Technical Monitor 


Krista Mendelman, Program Coordinator


4.1.3. Project Partners



A Farmer Group and a Partner Group will be assembled whose task will be to offer feedback and policy assessment of the system. Representatives from each of the following agencies have offered in-kind time donations to participate in various aspects of the project. 



Local Dairy Farmers – Provide test farms and feedback on ARM tools and results.


Washington Dairy Federation – Help support efforts within the dairy community and provide contacts and communication outlets (i.e., meetings, newsletters, mails, etc.). 



Washington Department of Agriculture (WSDA) – Work in close partnership with ARM enforcement and support. 



Department of Ecology (DOE) – Collaborate on “Index of Process Condition” for agricultural lands in Whatcom County, work in close partnership with ARM enforcement and support.  



Natural Resource Conservation Service (NRCS) – Work collaboratively to create and initiate new BMPs, incentive programs, and dissemination of ARM system.



Agriculture and Agri-Food Canada– Work with Shabtai Bittman on air quality monitoring and air quality risk section of ARM worksheet. 



Western Washington University – Water sampling advisory and field sampling help.


Lummi Nation – Collaborate with the Conservation District, Ecology, EPA, and the Department of Agriculture to ensure that effective nutrient and animal waste management occurs in WRIA 1 so that tribal shellfish beds on the Lummi Indian Reservation remain open for ceremonial, subsistence, and commercial harvest and that shellfish beds in Drayton Harbor are unrestricted for harvest. Provide County wide water quality data (current and historical). 



Washington Conservation Commission – Partner with sister Districts to implement ARM system on a State wide scale. 


EPA – Work with our partners at EPA to integrate ARM system into applicable tools and policy, work in close partnership with ARM enforcement and support.



Other advisory partners (offer feedback and support of project efforts): Portage Bay Shellfish Protection District, Ag Advisory Council, Farm Friends, Whatcom County Public Works, Drayton Harbor Shellfish Protection District Advisory Committee


4.1.4. Project Contractors



The project will utilize outside contractors for certain aspects of the project including laboratory analysis and web design. These individuals are identified within the QAPP (web designer TBA after bid process).



4.2. Project Organizational Chart





Figure 4.1. Project organizational chart showing primary individuals and organizations participating in the project.



5. Problem Definition/Background


5.1. Area of Study


This project will be addressing two adjacent watersheds located in western Whatcom County, Washington: the Nooksack and the Strait of Georgia. These two watersheds encompass 1,687 mi2 bordered by the Cascade Mountain Range to the east, Canada to the north, and the Pacific Ocean to the east. Within these two main watersheds are smaller watershed areas including the Lower Nooksack Sub-basin (Nooksack), as well as Drayton Harbor, Birch Bay, and Lummi Bay (Strait of Georgia). Each of these watersheds has surface waters that flow from inland areas to the marine, affecting the Puget Sound, as well as various resources, communities, and industries along the way. Collectively, the health of the two watersheds is under great pressure from land use changes and agricultural uses.



5.2. Problem Background



The combined Nooksack and Strait of Georgia watershed areas outlined above are under both land use change and environmental resource pollution strain. The primary resources and industries affected by these pressures are agriculture (primarily dairy), shellfish and salmonid fish populations, as well as the water and air quality that supports these industries and the populations that surround them. 


Due to land use changes and population pressures, the Lower Nooksack Sub-basin has a heavily impacted floodplain, high nitrates in groundwater, elevated fecal coliform levels in surface water, and poor riparian conditions throughout the Nooksack River and most of its tributaries. Department of Ecology’s (DOE) current 303(d) list of impaired waters shows that there are 34 stream and river segments in the watershed that are above acceptable limits for, among other things, fecal coliform, the primary source of which is estimated to be the improper application of manure to agricultural fields. 


In consultation with the Lummi Nation and under the Shellfish Consent Decree (Order Regarding Shellfish Sanitation, United States v. Washington [Shellfish], Civil Number 9213, Subproceeding 89-3, Western District of Washington, 1994), the Washington Department of Health (DOH) is responsible to the federal Food and Drug Administration (FDA) to ensure that the National Shellfish Sanitation Program (NSSP) standards for certification of shellfish growing waters are met on the Reservation.  In August 1997, the DOH and the Lummi Nation downgraded 60 acres of tribal commercial shellfish beds in Portage Bay due to fecal coliform contamination that exceeded the NSSP standards.  The closure represents approximately $250,000 in annual harvest lost.  In September 1999, after the NSSP standards were exceeded in other parts of Portage Bay, an additional 120 acres of tribal shellfish beds were downgraded.  If one more water quality monitoring station in Portage Bay fails to meet the NSSP standards, the entire Portage Bay area would be downgraded and the potential annual harvest worth approximately $900,000 would be lost.  The Sanitary Survey of Portage Bay completed by DOH following the initial closure (DOH 1997) found that farm animal wastes originating in the Nooksack River watershed are an actual, as opposed to a potential, pollution source and represent a high probability of being the principal source of fecal coliform contamination in the shellfish beds of Portage Bay.  Following an intensive program of compliance enforcement, technical assistance, water quality monitoring, and inter-agency coordination, all of the Portage Bay shellfish beds were re-opened to commercial shellfish harvest during 2006.  Despite this success, fecal coliform levels in the tributaries to the Nooksack River have been on an increasing trend since 2005 and in many cases currently exceed the TMDL target and/or applicable water quality standards.


Poor water quality, coupled with the loss of stream habitat, has contributed to the noticeable decrease in annual salmon populations returning to the watershed. This impacts Tribal communities as well as local industries, and threatens the future health of the salmon population in the area. Additionally, compared to other rivers in the Puget Sound region, the Nooksack River near its mouth at Portage Bay has among the highest levels of nitrogen, phosphorous, and suspended solids, which affects both upstream fish and shellfish populations in adjacent marine waters. This is due in part to the large number of agricultural operations located upstream in the Nooksack Sub-basin. 



In addition to water quality, air quality is also adversely impacted by growth and improper land use. Urbanization leads to an increase in fuel use and urban emissions, which when combined with natural VOC production from vegetation and agricultural ammonia emissions (which are not currently addressed nor regulated), can increase the production of fine particulate matter (PM2.5) and smog. This fine PM can adversely affect human health and deposit via rain or dry deposition on inland waterways and on the Sound, increasing nutrient loads and decreasing water quality. A reduction in agricultural ammonia production, up to half of which comes from field manure application, may aid in reducing smog and PM deposition within the Puget Sound airshed. Urbanization can also increase greenhouse gas production and subsequent climate change issues in the region via the conversion of productive agricultural and forested lands to impervious urban surfaces, which decreases vegetative carbon sequestration. Climate change coupled with population growth has put a strain on already scarce and diminishing water resources available for municipal and ag irrigation use in the watershed.



In Whatcom County, as in many other counties in the State, impacted and poorly managed agriculture (in particular, manure application by dairies) has repeatedly been identified as a leading contributor to air and water pollution in the watersheds. Therefore, the most productive way to address many of the water and air pollution issues within the watershed and contribute to the larger interconnected effort of protection of the watershed is to target the proper application of manure to farm fields. Improper application of manure can lead to runoff, which can cause low dissolved oxygen, algae production, high nitrates, and pathogens in water. Since dairies are the largest producers of manure and manure application in the watershed, improvements in field application methods and timing are necessary in order to protect important watershed and air resources from further negative impacts. However, current guidelines do not promote better application practices, and in fact, threaten the health of the Sound even further by pushing application under risky conditions and times of the year (October and March) without proper assessment of weather or field conditions. Currently, manure application in the fall is supposed to stop by Oct. 1st in the floodplain, and Oct. 31st everywhere else; and the start date of application in the spring is T-Sum200 (200 cumulative Celsius temperature units after Jan 1) or February 15, whichever is sooner. These application dates are problematic because they do not require farmers to assess their unique field conditions and practices; prevent application at times when it may be more favorable; do not promote planning of dry season application; and they allow farmers to apply during unfavorable conditions contributing to both surface and groundwater pollution. The dates are estimated values chosen to coincide with the start of flood season and plant growth, but in a changing climate, are not always correct. Instead, they encourage application in the fall when uptake is diminishing and rainfall is high, and allows spring application on a date that sometimes encourages application during wet conditions and when water tables are high. We can see a correlation between late season manure application, fall rainfall events and most shellfish bed closures 
and salmon migration events. Additionally, we see an increase in dry season (May-Sept) episodic air pollution events, partially contributed by ammonia from manure application during unfavorable weather conditions. This is an issue that has not been addressed in the area. Simply increasing buffer and manure setback widths is not a substitute for precision application and will not correct the root of the problem. 



Of the 12 Washington State Puget Sound Districts, Whatcom County has the greatest concentration of dairy cows, with 53% of the total, or over 40,000 animals, within its boundaries, most (~75%) of which are concentrated in the 310 mi2 of the Nooksack and Strait of Georgia watersheds. Although the number of dairy farms in Whatcom has decrease by half in the last 10 years, the number of milk cows has only been reduced by about 30%, putting increased strain on available land and water resources available. Dairying has been a pillar industry in the area for generations and is an intricate part of the community life. The dairy operations in the region have the ability to contribute in a positive way back to the environment and community by providing wildlife habitat, stream protection, carbon sequestration, and community economic stimulus. However, population growth pressures, environmental restrictions, and poor relations with environmental partners have led dairies to be identified as one of the primary contributors to water and air pollution issues in the watershed. 
The majority of these pollution events arise during or after the application of manure to farm fields, with water quality pollution being highest in the wet season (Oct-April) and air quality in the dry season (May-Sept). It is this area that needs to be addressed as a means of improving the health of the watershed before growth exacerbates the issues at hand.



It is the overall objective of this project to create an Application Risk Management (ARM) system that will reduce the risk of manure induced pollution within the watershed and implement a system to help farmers evaluate their application risks and monitor their progress. The ARM system will supplant the current rigid application dates (Oct 31 and T-Sum200), and revise manure application setback distances and buffers to adjust with changing field and weather conditions. Instead, farmers will have to cease fall application in September and have limited early season application
, which has been shown to be beneficial to plant growth and nutrient uptake during the spring. This will prevent application in risky times and support application at times when it is appropriate and poses the least threat to resources. When properly implemented
, the system will be successful in contributing to the goals of the dairy industry and our local WRIA 1 partners, as well as EPA national goals for Puget Sound, by improving the health of 37,000 acres of impacted farmland, 350 miles of impaired waterways, and 7,000 acres of shellfish growing areas. It will also address the priorities of the Puget Sound Action Agenda by reducing a source of water pollution in the watershed and protecting it from future pollution with education and good management tools. The impact of these achievements should help keep shellfish beds open during high risk seasons, reopen prohibited areas, reduce fish barring stream pollution to increase the health of the salmon, and sustain agriculture and the rural lifestyle in a growing community. Since water and air act in a symbiotic relationship, typically trading impacts like a see-saw, the ARM system will be addressing the air quality and climate change within the 300 mi2 airshed to make sure we are not trading one problem for another, but rather addressing both equally. This addresses EPAs clean air and clean water priorities by eliminating sources of airborne deposition of nutrients (nitrogen) on waterways.



Since the other dairy producing districts in the Puget Sound share our same environmental issues, this system will be widely shared with others to decrease the impacts of agricultural pollution beyond Whatcom County. It is our intention to adapt and share this system with other Conservation Districts and livestock management organizations in Washington State and the Region, as well as our partners in Canada, all who share some or all of the same resource concerns as we do. The ARM system idea has been met with positive response from farmers, regulators, Tribes
, and community members. Additionally, OnePlan software developers have expressed interest in its integration into their nutrient planning software programs, and it can also be used with other tools like Manure Management Planner (MMP). Overall, the ARM system should provide a way for farmers to evaluate their air and water pollution risks associated with manure application at any time of the year
 and apply with greater precision, flexibility, and responsibility, which should increase yields, decrease environmental pollution, and restore a sense of environmental stewardship. To date, there are no similar application management systems in use. 



5.3. Project Objectives



1. Conduct a series of land surveys to identify areas within the watershed that are at high risk for ground and surface water pollution, as well as classify low risk areas that are best suited for agricultural land use.



2. Develop and implement a scientifically credible  survey of producers to gain a better understanding of current environmental practices, constraints to BMP adoption, knowledge base, and effective communication routes. 



3. Develop and scientifically evaluate an interactive Application Risk Management (ARM) System that minimizes nutrient and pathogen pollution events to air, surface and ground water using a combination of field risk analysis, pre-application field assessment, post-application field assessments, education, risk alert tools, and accountability. 



4. Collaborate with project partners and farmer groups to open discussion and test ARM tools.


5. Assess current NRCS vegetative practices and manure application setback guidelines for seasonal effectiveness at managing potential runoff from fields.



6. Develop educational and informational materials that will be available to all producers and custom manure applicators including a workshop, webpage, risk alerts, newsletter, and email/fax information system. These materials will help manure applicators learn about the program, get help, and keep informed on times when application is optimal or prohibited. 


7. Integrate the ARM system into planning software and Nutrient Management Plans at a County and State wide level.


The long-term outcome of this project is the implementation of a more comprehensive and effective manure application management system that will reduce runoff and air pollution events, decrease the fecal coliform and nutrient loading into the Nooksack and Strait of Georgia Watersheds to increase the vitality of freshwater fish and marine shellfish areas, increase surface and groundwater quality, and improve air resources for the community. Additionally, by giving farmers a more active and responsible role in the management of their land, we hope to reinvigorate the sense of environmental stewardship that was once prevalent in this area and reconnect farming to the community.


6. Project Description


This study will develop an innovative manure Application Risk Management (ARM) system that will decrease the transport of nutrients and fecal coliform to environmental resources such as surface water, groundwater, and air, and increase agronomic application and accountability. The study will be conducted in 4 phases, 1) Assessment, 2) Development, 3) Implementation and Monitoring, and 4) Evaluation, Adaptation, and Outreach over four years. 



6.1. Phase 1: Assessment


Phase 1 is the characterization and assessment of the watershed as it relates to agricultural practices and potential environmental impacts
. Using a risk rating system based on 15+ different soil and field characteristics 
(i.e., soil type, permeability rate, water table, distance to surface water, slope, etc.), watershed and field maps will be created for runoff, leaching, and air pollution risk potential. Specifically, “hot spots” 
will be identified within the watershed that will benefit most from a targeted approach for risk management. This land survey will help locate areas that are best suited for agriculture, aid in land use planning for environmental protection, and help farmers make better land use decisions on crop selection and manure application technologies. This same process will be used on a micro scale with individual farms to assess the risk level associated with manure application to specific farm fields. 



To better identify the most effective modes of communication with landowners, producer preferences, appealing incentives, knowledge base, and current practices, a survey will be sent out (mail and web based) to all producers in the watershed areas. The survey will be analyzed for preferences and trends to give us an idea of target areas and information delivery systems. 



Phase 1 Deliverables



· Land survey and risk rating index for watersheds.



· Individual land risk evaluations for project farms as they are enrolled in ARM.



· Survey results of dairy producers to gain a better understanding of current practices, constraints to mitigation, preferences for manure management, and knowledge base.
 



6.2. Phase 2: Development 


Phase 2 is the development of the Application Risk Management (ARM) System components to address both water and air quality impacts associated with manure application. The ARM system is based on two main factors, the farm field risk evaluation addresses in Phase 1, and the use of a web based risk management worksheet designed to assist a producer in determining the application risk index for that current time of year. 



Prior to application of manure to any field, any time of the year, a producer will have to complete the ARM worksheet, which will evaluate runoff, leaching, and volatilization potential and provide feedback for proper application techniques. The worksheet evaluates pollution potential (i.e., distance to resources, emissions, groundwater recharge, etc.), current field conditions (e.g., ponding/flooding, frozen ground, soil moisture, water table depth, vegetation density and height, buffers, etc.), application method, and current and forecasted weather conditions. All of these parameters, along with soil type and nutrient analysis, will be entered into an interactive worksheet and a pollution risk rating calculated along with practice guidelines and a maximum recommended application amount. If conditions are not optimal for application 
(e.g., water table too high
, significant rain 
in 3 day forecast
, low crop uptake
, etc.), the system would tell producers to wait to apply. This complex type of feedback will require the creation of detailed background calculations based on both modeled and field proven values for each of the criteria, as well as comprehensive parameter definitions and feedback responses. The field proven values will be collected in Phase 3 of the project. All of these functions will be integrated into a user-friendly worksheet that will give automatic feedback to input values and log the data for our records and analysis. The worksheet will allow producers to responsibly evaluate each of their fields on a seasonal basis and only apply an appropriate amount of manure to fields that are at low risk for environmental pollution.



To ensure producers have accurately performed the calculations to evaluate their application risks, an accountability system will be implemented where producers will have to submit their analysis sheet to WCD prior to application for approval. This level of “supervision” is vital in order to properly manage and avoid or minimize mitigate
 potential environmental impacts. In order to remain in the ARM program, producers must follow all guidelines and recommendations set forth.  If a producer deviates from the system, and applies manure outside of their DNMP protocols, a penalty protocol will be instituted by the appropriate regulatory agency
 (not WCD).



To ensure that we are creating a useful, efficient product, a two tiered technical workgroup will be assembled consisting of a farmer panel and partner workgroup. The group will be anchored by progressive and cooperative dairy producers who are willing to offer constructive criticism of the ARM system and communicate to fellow dairymen. In addition to their individual contributions to project components, input will also be requested of project partners to make sure we are meeting common goals and collaborating in a productive manner. Meetings will be held bi-annually for farmer panel and annually for partners. 



In addition to the ARM worksheet, new risk management tools will be developed. These tools include application alerts based on current weather conditions and the estimated capability of the vegetative cover to update nutrients; a webpage with local forecasts, worksheet Q&A, application techniques, vegetative maintenance guide, etc, to provide farmers with information relevant to application and the ARM system; and lastly, a self-update system for farmers to self-update on a yearly basis to adjust application levels when appropriate (i.e., if crops, fields, or manure chemistry changes). 



Phase 2 Deliverables



· ARM Worksheet.



· An accountability system including an emergency response plan and monitoring and enforcement plan.



· Assembly of workgroups including the farmer panel and partner groups.



· Development of ARM tools: application alerts, webpage, self-update system.



6.3. Phase 3: Implementation and Monitoring


The ARM system will be implemented, tested, and monitored for success at dairies within the target watersheds. This Phase will extend over three application seasons. The first year, we will test the ARM system on 5 fields on dairy farms that have already given their commitment to participate in the project and provide feedback. We kept this number to 5 the first year to insure we can provide a high level of observation, management, guidance, and sample monitoring appraisal in the infancy of the system. Each successive year, we will add new test farms to the project throughout both watersheds
. Farms will vary in risk rating 
and location within the watershed, illustrating the different characteristics of the watershed areas. Every farm that participates in the study will have a Nutrient Management Plan update, as well as detailed mapping of fields, water systems, and identification of sampling locations. 


To measure the effectiveness of the ARM system, concurrent soil, surface water, soil water, groundwater, forage, manure, and air quality testing will be conducted on selected test fields throughout the year (see table 6.1 for analysis). All sample data will be analyzed using statistical models to evaluate significance (alpha level of 0.05) within test sites and between test and control sites. The information in this QAPP document details the sample procedures and project data management. 


Table 6.1. Summary of analyses for each medium sampled


			Surface Water


			Ground/Soil Water


			Air


			Soil


			Manure


			Forage


			Meteorological





			Laboratory





			Fecal coliform (FC), total-N, TKN, nitrate, total-P


			Fecal coliform (FC), total-N, TKN, nitrate, total-P


			Nitrous oxide, methane, carbon dioxide


			EC, OM, FC, total N, nitrate, total P, pH


			EC, OM, C:N, FC, total N, ammonium, nitrate, total P, pH


			DM, CP (N), P, nitrate


			-





			Field Equipment





			Dissolved oxygen, pH, conductivity, temperature, nitrate, ammonium 


			Dissolved oxygen, pH, temperature, conductivity, nitrate, ammonium, soil moisture


			Ammonia


			 -


			 -


			-


			Temp, RH, wind speed, wind direction, pressure, alt., dewpoint, wet bulb temp, precipitation








In conjunction, data from current DOE and WRIA 1 stationary monitoring sites will be assessed to provide information on background temperature, FC, and DO levels (as applicable), variability, and pollution spikes to help us locate problem areas and times within our target watersheds
. Ambient air quality measurements will also be taken for ammonia and greenhouse gases (nitrous oxide and methane). All of these measurements will be used in the validation of the system, tuning of worksheet parameters, and assessment of the watershed.



ARM worksheet outputs and subsequent application records will be kept to track the feedback mechanism of the system as well as map the nutrient loading to areas in relation to stream pollution levels, groundwater nitrate levels, and air emission events using GIS software. This will help us revise, adapt, and track the validity of the system, as well as assess the impact of ag-urban growth pressures and possible impacts.



Phase 3 Deliverables



· Identification of test farms, update of DNMPs
, field mapping and risk analysis, and implementation of ARM system.



· Implementation, monitoring, assessment, and validation of the ARM system.


· Mapping of nutrient loading in relation to stream pollution levels and air emission events.



· Analysis of application technologies and characteristics to aid in development of manure application BMPs for water and air pollution reduction.


6.4. Phase 4: Evaluation, Adaptation, and Outreach


A constant evaluation 
and revision of the ARM system will be conducted by Conservation District staff (?) as results are obtained and input is received from producers (users) and project partners (evaluators). This will ensure that the system and its tools are user friendly, comprehensive, and successful at achieving the desired watershed protection goals.



To ensure the long-term success of the ARM system, all Dairy Nutrient Management Plans created or updated by WCD will include the ARM system. In addition, cost-share incentives will be explored with partners at NRCS to identify sources of funding for farmers implementing the ARM system with more rigorous conservation practices. Additionally, guidelines for manure application dates, setbacks, and restrictions will be revised to reflect our findings and more stringent guidelines. In conjunction, legislation will be explored to support our guidelines and aid in implementation of the ARM system on a larger scale. This endeavor will need to be explored with project partners. Our goal is to adapt the ARM system to all forms of agriculture that apply manure including berry and crop farmers, small farms, hobby farms, mitigation projects, and other livestock (poultry, beef, swine). 



A public outreach effort will be initiated to inform and gain support from the public. A workshop, web link, newsletter, email/fax alert system, and development of new technologies will aid in keeping producers and the community involved and informed on the systems success and benefits. 



In addition to quarterly reports, the final report will evaluate the system with scientific basis and determine its sustainability and effectiveness at achieving a permanent reduction of pollutants contributed by runoff from agricultural fields. 



Phase 4 Deliverables



· Continuous evaluation and adaptation of ARM system based on project results and user feedback.



· Explore cost share incentives, revise manure application dates, explore legislation through partners to incentivize the ARM system, and adapt ARM to include all forms of agriculture the utilize grazing or manure application practices.



· Outreach activities including a newsletter, email list, and workshop to educate users about the ARM system and related environmental issues.



· Quarterly reporting throughout project and final report at conclusion.


6.5. Study Area



The following map shows the area of study. Specific study sites are not identified on this map due to confidentiality issues; however, targeted areas are circled in blue.



[image: image1.emf]


Figure 6.1. Map of study area. Test farms will be located in the Strait of Georgia and Nooksack Watersheds. Red dots depict dairies and pink areas represent the land base associated with those dairies. Blue circles represent areas where test farms will be located in years 1 and 2 of the study.


6.6. Project Timeline


The following table shows the timeline of major tasks and deliverables to be completed during the project time frame. The dates listed are approximate and may vary depending on other task completion dates, partner availability, weather, and unforeseen circumstances. Project deadlines will adhere to listed dates as best as possible.



Table 6.2. Project timeline


			Task


			Action


			Timeline*





			Year 1





			Project start date


			Start


			July 1, 2010





			Equipment purchase


			Start


			August 1, 2010 - Open





			ARM Worksheet development


			Start


			August 1, 2010 - Open





			Enroll test farms (Year 1 - 10)


			Due


			August 15, 2010





			QAPP Development and submittal


			Due


			October 30, 2010





			Develop and submit survey to EPA


			Due


			November 30, 2010





			Field equipment installation


			Start


			October 1, 2010





			Begin field sampling 


			Start


			October 1, 2010





			Begin data acquisition and analysis


			Start


			October 1, 2010 - Open





			Develop emergency response plan 


			Start


			October 1, 2010





			ARM tools development and testing


			Start


			October 1, 2010 - Open





			Quarterly Newsletter (#1)


			Due


			November 1, 2010





			ARM survey assessment maps


			Start


			November 1, 2010 - Open





			Farmer Panel Group Meeting


			Due


			December 1, 2010





			Send out producer survey


			Due


			December 1, 2010





			Bi-annual reporting


			Due


			January 1, 2011





			Partner Group Meeting


			Due


			February 20, 2011





			Quarterly Newsletter (#2)


			Due


			March 1, 2011





			Enroll test farms (Year 2)


			Due


			May 1, 2011





			Quarterly Newsletter (#3)


			Due


			June 1, 2011





			Year 2





			Bi-annual reporting


			Due


			July 1, 2011





			Partner Group Meeting


			Due


			August 1, 2011





			Quarterly Newsletter (#4)


			Due


			September 1, 2011





			Quarterly Newsletter (#5)


			Due


			December 1, 2011





			Farmer Panel Group Meeting


			Due


			December 15, 2011





			Bi-annual reporting


			Due


			January 1, 2012





			Quarterly Newsletter (#6)


			Due


			March 1, 2012





			Enroll test farms (Year 3)


			Due


			May 1, 2012





			Quarterly Newsletter (#7)


			Due


			June 1, 2012





			Year 3





			Bi-annual reporting


			Due


			July 1, 2012





			Partner Group Meeting


			Due


			August 1, 2012





			Quarterly Newsletter (#8)


			Due


			September 1, 2012





			Quarterly Newsletter (#9)


			Due


			December 1, 2012





			Farmer Panel Group Meeting


			Due


			December 15, 2012





			Bi-annual reporting


			Due


			January 1, 2013





			Quarterly Newsletter (#10)


			Due


			March 1, 2013





			Enroll test farms (Year 4)


			Due


			May 1, 2012





			Quarterly Newsletter (#11)


			Due


			June 1, 2013





			Year 4





			Bi-annual reporting


			Due


			July 1, 2013





			Partner Group Meeting


			Due


			August 1, 2012





			Quarterly Newsletter (#12)


			Due


			September 1, 2013





			Quarterly Newsletter (#13)


			Due


			December 1, 2013





			Farmer Panel Group Meeting


			Due


			December 15, 2013





			Bi-annual reporting


			Due


			January 1, 2014





			Finalize and release educational materials


			Due


			February 1, 2014





			Workshop on ARM system


			Due


			February 1, 2014





			Outreach ARM to all partner agencies


			Due


			February 1, 2014





			Quarterly Newsletter (#14)


			Due


			March 1, 2014





			Quarterly Newsletter (#15)


			Due


			June 1, 2014





			Final Report


			Due


			July 1, 2014








7. Quality Objectives and Criteria for Measurement Data


The EPA outlines a Data Quality Objectives (DQO) process for addressing the specifications needed to support the qualitative and quantitative components of the project as well as the performance or acceptance criteria of the study design. It must be noted that no data are free of error and that some level of uncertainty must be accepted. 


This area of the QAPP relates to the data (surface water, groundwater, soil water, soil, manure, forage, and air) that will be collected in the field from test farms. A more detailed breakdown of the acceptance criteria and frequency of QC measurements for both field and lab parameters are located in Section 14.


7.1. Data Quality Objectives



Data Quality Objectives are qualitative and quantitative statements derived from the DQO process outlined in the EPA document: Guidance for Data Quality Objective Process (EPA QA/G4). This process outlines the monitoring objectives, defines the appropriate type of data to be collected, and specifies the tolerable levels of decision errors for the monitoring program.


The overall objective of this study is to obtain data that will aid in the characterization and assessment of the environmental impact of manure application to farm fields in relation to parameters set forth by our risk assessment criteria. More specifically, the data quality objectives are to: insure that the parameters measured during this study will adequately describe nutrient cycling in the system at levels necessary to understand the processes taking place; to insure that sample results are representative of the target watershed at the time of sampling and that the data produced during this study are accurate; and lastly, to reduce the uncertainty associated with manure applied nutrient cycling in the environment (water, air, soil). In order to accomplish this, we have determined that environmental and meteorological data need to be collected based on appropriate sampling and analysis methods. Data collected will be used to establish thresholds for Worksheet assessment parameters, as well as for general system characterization purposes. 


7.2. Measurement Performance and Acceptance Criteria


Measurement, performance, and acceptance criteria help maintain data within an acceptable range of uncertainty. In general, we expect a normal distribution for measurement error with decision error limits set at 5% (alpha = 0.05). Additionally, measurement imprecision is established at a 10% coefficient of variation (CV). The quality of the data will be evaluated and controlled to make sure it is maintained within the established measurement criteria listed using principle indicators of precision, bias, accuracy, representativeness, comparability, completeness, and sensitivity. Each of these indicators is detailed below (definitions are adapted from EPA definitions outlined in EPA QA/G-5). 


7.2.1. Precision



Precision is the measure of agreement among repeated measurements of the same kind, which is represented by the coefficient of variation (CV = 10%). To increase precision and reduce variability between measurements, we will follow set standard operating procedures (SOP) for instrumentation placement and use, sample collection, sample handling, and analysis. The same analytical instrumentation and methods will be used to make repeated analysis on duplicate samples to ensure precision. Additionally, quality control and duplicate or split field samples will be taken and submitted for precision of sampling handling, preservation, storage, and analytical measurements. Laboratory analysis will be verified for precision by submitting blind replicates to the same laboratory. If the replicate falls outside of the acceptable range of 10% difference between samples, samples will be resubmitted (if duplicates are held in storage) or retaken (If applicable). Any identified areas of sample attainment that have variation outside of the acceptable limits will be reassessed and adapted to reduce variability. 


7.2.2. Bias



Bias is the systematic or persistent distortion of a measurement process that consistently causes error in one direction. To avoid sample bias from sample attainment, processing, or analysis, SOPs will be followed. To avoid sample bias from analytical field equipment, equipment will be calibrated on a regular basis following manufacture guidelines. To assess laboratory bias, on occasion, duplicate samples will be sent to multiple labs for identical analysis. 


7.2.3. Accuracy



Accuracy is the measure of overall agreement of a measurement to a known value. Accuracy includes both precision and bias errors. To increase accuracy of field equipment, equipment will be calibrated to a known concentration value and reported as percent recovery or percent bias. The laboratory will perform their own QAQC procedures to ensure accuracy of measurement values. 


7.2.4. Representativeness



Representativeness is a qualitative term that refers to the degree to which data accurately and precisely represents a quality of the sample population being measured. Ensuring an appropriate sample design and minimum appropriate sample number will aid in appropriately characterizing the population and/or environmental condition being measured. Sample designs and sample attainment times are chosen in such a way to ensure both spatial and temporal representativeness of data. Project farms are selected randomly within the watershed to allow representation of various physical and climatic conditions to be accounted for. A log of field and/or laboratory conditions will aid in characterizing and identifying any conditions that might affect sample integrity.  


7.2.5. Comparability



Comparability is a qualitative term that expresses the level of confidence that one data set can be compared to another and be combined for analysis. This applies both to different data sets collected within the current study, as well as data set sets outside of the study. Factors of comparability include sample collection method, handling and storage method, sample preparation and analysis procedures, holding times, stability, and QA protocols. If any of these measures differs significantly between sample collection sets, comparability may be compromised and data may not be able to be combined for analysis. In this case, separate analysis will be made or the data will be removed from the data set. To increase comparability of data sets, SOP will be followed, and consistency of laboratory methods will be maintained throughout the project. 


7.2.6. Completeness



Completeness is a measure of the amount of valid (comparable) data needed to be obtained to satisfy the objectives of the study. Completeness is assessed by comparing the number of valid measurements collected with the criteria laid forth in the DQO. Following statistical procedures used to determine the number of measurements needed, will aid in increasing completeness of the data set. At least 80% of the data collected must meet the performance criteria outlined above for the data set to be considered complete. If criteria are not met, additional sampling rounds will need to be considered to satisfy the DQO. 


7.2.7. Sensitivity


Sensitivity is the capability of a method or instrument to discriminate between measurement responses. In most cases, the sensitivity is the minimum concentration that can be measured by a method, instrument, or laboratory. Individual sensitivities are outlined 


Table 7.1. Measurement performance criteria


			Analysis


			Analytical Method1


			Data Quality Indicators (DQIs)2


			Measurement Performance Criteria


			QC Sample and/or Activity Used to Assess Measurement Performance





			Surface & Ground/Soil Water





			Fecal Coliforms (MTF)


			SM 9221 B&E


			Accuracy, Precision, Bias


			Percent differences, no false positives, within quantitative limits


			Method blanks, QC check, matrix spikes, duplicates, splits





			Total Nitrogen


			SM 4500-A


			Accuracy, Precision, Bias


			Percent differences, no false positives, within quantitative limits


			Method blanks, QC check, matrix spikes, duplicates, splits





			Nitrate


			SM 4500-NO3 D


			Accuracy, Precision, Bias


			Percent differences, no false positives, within quantitative limits


			Method blanks, QC check, matrix spikes, duplicates, splits





			Ammonia N


			SM 45002-NH3 D


			Accuracy, Precision, Bias


			Percent differences, no false positives, within quantitative limits


			Method blanks, QC check, matrix spikes, duplicates, splits





			Total Phosphorus


			SM 4500-P C


			Accuracy, Precision, Bias


			Percent differences, no false positives, within quantitative limits


			Method blanks, QC check, matrix spikes, duplicates, splits





			Dissolved oxygen, pH, temperature, nitrate, ammonium, conductivity 


			In situ, YSI Field Probe


			Accuracy, sensitivity


			Percent differences, comparison to known value


			Field replicates, split samples, field comparison to a known value, calibration of equipment





			Ground/Soil Water (only)





			Soil moisture


			Gypsum block


			Accuracy, sensitivity


			Percent differences


			Comparison to other validated methods





			Air





			Ammonia


			In-Situ, Ammonia Analyzer


			Accuracy, sensitivity


			Percent differences


			Replicates, comparison to a known value, calibration of equipment





			Nitrous oxide, methane, carbon dioxide


			GC-MS


			Accuracy, Precision, Bias


			Percent differences, no false positives


			Blind duplicates, field blanks 





			Soil





			El. Conductivity


			WCC S – 2.30


			Accuracy, Precision, Bias


			Percent differences, no false positives, within quantitative limits


			Method blanks, QC check, matrix spikes, duplicates, splits





			Organic Matter


			WCC S – 9.20


			Accuracy, Precision, Bias


			Percent differences, no false positives, within quantitative limits


			Method blanks, QC check, matrix spikes, duplicates, splits





			Total Nitrogen


			SM 4500 - A


			Accuracy, Precision, Bias


			Percent differences, no false positives, within quantitative limits


			Method blanks, QC check, matrix spikes, duplicates, splits





			Nitrate


			WCC S – 3.19


			Accuracy, Precision, Bias


			Percent differences, no false positives, within quantitative limits


			Method blanks, QC check, matrix spikes, duplicates, splits





			Nitrite


			SM 4500-NO2 B


			Accuracy, Precision, Bias


			Percent differences, no false positives, within quantitative limits


			Method blanks, QC check, matrix spikes, duplicates, splits





			Ammonia N


			WCC S – 3.50


			Accuracy, Precision, Bias


			Percent differences, no false positives, within quantitative limits


			Method blanks, QC check, matrix spikes, duplicates, splits





			Total Phosphorus (Brey)


			WCC S – 4.20


			Accuracy, Precision, Bias


			Percent differences, no false positives, within quantitative limits


			Method blanks, QC check, matrix spikes, duplicates, splits





			pH


			WCC S – 2.10


			Accuracy, Precision, Bias


			Percent differences, no false positives, within quantitative limits


			Method blanks, QC check, matrix spikes, duplicates, splits





			C:N


			Calculation


			Accuracy 


			Percent differences


			NA





			Manure





			Moisture (DM)


			TMECC 03.09


			Accuracy (precision & bias)


			Percent differences, no false positives, within quantitative limits


			Method blanks, QC check, matrix spikes, duplicates, splits





			Nitrate


			TMECC 04.02


			Accuracy, Precision, Bias


			Percent differences, no false positives, within quantitative limits


			Method blanks, QC check, matrix spikes, duplicates, splits





			Total Nitrogen


			TMECC 04.02


			Accuracy, Precision, Bias


			Percent differences, no false positives, within quantitative limits


			Method blanks, QC check, matrix spikes, duplicates, splits





			Ammonia N


			SM 4500-NH3 D


			Accuracy, Precision, Bias


			Percent differences, no false positives, within quantitative limits


			Method blanks, QC check, matrix spikes, duplicates, splits





			Total Phosphorus (Brey)


			TMECC 04.03


			Accuracy, Precision, Bias


			Percent differences, no false positives, within quantitative limits


			Method blanks, QC check, matrix spikes, duplicates, splits





			pH


			TMECC 04.11


			Accuracy, Precision, Bias


			Percent differences, no false positives, within quantitative limits


			Method blanks, QC check, matrix spikes, duplicates, splits





			Total Carbon


			TMECC 04.01


			Accuracy, Precision, Bias


			Percent differences, no false positives, within quantitative limits


			Method blanks, QC check, matrix spikes, duplicates, splits





			Forage/Crop





			Moisture (DM)


			AOAC 934.01


			Accuracy (precision & bias)


			Percent differences, no false positives, within quantitative limits


			Method blanks, QC check, matrix spikes, duplicates, splits





			Nitrate


			AOAC 968.07


			Accuracy, Precision, Bias


			Percent differences, no false positives, within quantitative limits


			Method blanks, QC check, matrix spikes, duplicates, splits





			Crude Protein (N)


			AOAC 2001.11


			Accuracy, Precision, Bias


			Percent differences, no false positives, within quantitative limits


			Method blanks, QC check, matrix spikes, duplicates, splits





			Total Phosphorus


			AOAC 958.01


			Accuracy, Precision, Bias


			Percent differences, no false positives, within quantitative limits


			Method blanks, QC check, matrix spikes, duplicates, splits





			1Analytical Method is the method used by Exact Scientific Services laboratory. These methods equate to specific and standard EPA methods (information available upon request).


2Data Quality Indicators (precision, accuracy/bias, sensitivity, data completeness, comparability, and representativeness).








Table 7.2. Field instrument performance capabilities


			Instrument/Equipment


			Parameter


			Range


			Accuracy


			Resolution


			Units





			YSI Professional Plus


			Dissolved Oxygen (DO)


			0 to 50


			0.2 (±2%)


			0.01


			mg/L, ppm





			Multi-parameter Meter


			Temperature


			-5 to 70


			0.2 (±3%)


			0.1


			°C, °F, K





			 


			Conductivity


			0 to 200


			0.001 (±0.5%)


			0.001 to 0.1


			μS, mS





			 


			Ammonium


			0 to 200


			2 mg (±10%)


			0.01


			mg/L-N, mV





			 


			Nitrate


			0 to 200


			2 mg (±10%)


			0.01


			mg/L-N, mV





			YSI  pH10 Meter


			pH


			1 to 14


			±0.1


			0.01


			units





			Kestrel 4000


			Temperature


			-45 to 125


			1


			0.1


			°C, (°F)





			Weather Meter


			Relative Humidity


			0 to 100


			3


			0.1


			%





			 


			Barometric Pressure


			8.86 to 32.48


			0.01


			0.05


			in Hg, (PSI, mb)





			 


			Wind Speed


			0.4 to 60


			±3%


			0.1


			m/s, (mph, km/hr)





			 


			Dewpoint (calc)


			-45.0 to 125.0


			2


			0.1


			°C, (°F, %RH)





			 


			Altitude


			-2000 to 9000


			15


			1


			m, (ft)





			 


			Heat Index


			-45.0 to 125.0


			2


			0.1


			°C, (°F, %RH, in Hg)





			 


			Wet Bulb Temp


			-45.0 to 125.0


			2


			0.1


			°C, (°F, %RH)





			 


			Wind Chill


			0.04 to 60 m/s, -45 to 125


			1


			0.1


			m/s/°C (mph/°F)





			Watermark, Soil Moisture Meter 


			Soil Moisture


			0 to 200


			±5%


			0.1


			Centibars/kPa





			Stratus Rain Gauge


			Rainfall (total)


			0 to 11


			0.01


			0.01


			inches





			General Tools T300-36 Soil Thermometer (36")


			Temperature


			0 to 105


			1


			1


			°C, (°F)





			Pranalytica Ammonia Analyzer


			Ammonia


			40 ppb - 100 ppm


			40 ppb (10%)


			0.01


			ppm








8. Special Training/Certification



No special/non-routine training or certification is necessary for project personnel to obtain field data. The laboratory utilized for this project is a DOE accredited lab and/or has all necessary certification to run required analyses. 



The EPA requires that project personnel that will be using STORET attend a training workshop. All personnel responsible for data handling and storage will attend the STORET training as soon as it is available through EPA. 



9. Documentation and Records



Documents and records will be kept in accordance with EPA standards for the duration of the project as a means of establishing consistency and documentation of project tasks and activities. Records will be kept in both hardcopy and electronic form. Coordination of all recordkeeping will be the responsibility of the Project Manager. Individual documents and information coordinators are outlined in Table 9.1.


9.1. Project Documents and Procedures



Hardcopies of all up to date QAPP, SOP, and other pertinent documents necessary to successfully carryout the project tasks, will be readily available to all project staff at both the WCD office and in the field operation material bins for the life of the project. Additionally, electronic copies of revised documents will be sent out electronically to all project personnel listed in the section 3 Distribution List as well as field personnel as necessary. 


9.2. Data Collection and Handling Records



All records associated with data collection, handling, and analysis will be kept by the Project Manager. These records include field logbooks documenting sample collection and handling, field notes, meteorological parameters, GPS data, chain-of-custody forms sent with field samples, QC sample records, and equipment calibration information. Data stored in both the WCD and STORET databases will be maintained by the project Data Manager. 


9.3. Other Project Records



Other records maintained include project reports (bi-annual and final), billing and audit reports, project group minutes and rosters, and data summary reports. The following table outlines all documents to be produced and their retention time. In many cases a retention time of 4 years has been listed, as that is the lifespan of the project. If the project extends beyond 4 years, the record retention time will also extend to the new final project date.


Table 9.1. Records and documentation summary


			Document/Record Type


			Retention Time (yr)


			Format (H, E)*


			Location





			Project Documentation





			QA Project Plan


			4


			H, E


			Director, Project Manager, Project QA Officer





			Standard operating procedures (SOPs) 


			4


			H, E


			Project Manager





			Field Records





			Field and laboratory notebooks 


			6


			H


			Field Technicians, Project Manager





			GPS data


			6


			H, E


			Project Manager





			Sample handling/labeling/custody records


			6


			H


			Project Manager





			Site information, maps, and photos


			6


			H, E


			Project Manager





			Analytical Records





			Inspection/Maintenance/Calibration records


			4


			H, E


			Project Manager





			Data Records





			STORET Database


			4


			E


			Data Manager





			Excel spreadsheets



			6


			E


			Data Manager





			Original field data sheets


			6


			H


			Project Manager





			Assessment Records & Reports





			Meeting and presentation logs


			4


			H


			Project Manager





			Data summary reports


			4


			H, E


			Project Manager





			Quarterly and final reports


			4


			H, E


			Administrator, Project Manager





			Billing and audit reports


			4


			H, E


			Administrator





			*H = Hardcopy, E = Electronic


			


			


			








10. Sampling Process Design


The follow section describes the projects research experimental design for data collection. The selected probability-based experimental design should give a representative view of the target population using a smaller subset of that population. In general, the goal of the sampling program outlined in this document is to monitor trends in environmental conditions based on current and modified practices. More specifically, the aim of the project is to assess the affect of different manure application schedules and guidelines on the partitioning and cycling of nitrogen using a systems approach by concurrently measuring concentrations in ground/soil water, surface water, air, and soil. In addition to nitrogen, the affect of a new application system will be assessed for fecal coliform and phosphorous in soil and surface water. Trends, correlations, effects, and relationships will be assessed for all constituents outlined in this sampling program. 


The project runs from July 1, 2010 to June 30, 2014. During that time period we expect four monitoring years, with four seasons per year. The number of farms, fields, and samples taken is outlined below.


10.1. Sampling Design Rational



The sampling design for this project is broken down into various parts. First, test farms within the area of study (the watershed) are selected. Test farms are selected on either 1) a random basis where they come to WCD as plan updates are necessary and agree to participate in the study, or 2) they are selected from an area of interest within the watershed (systematic selection). Second, test fields are chosen from all fields available at a test farm. Since all fields can not be sampled, one or more fields are selected that are representative of the area (systematic selection). In the case of paired sampling efforts, two fields with the same characteristics will be chosen for accurate comparison. Third, test locations within the field are selected. Many fields have more than one soil type, so an area that represents the primary (>50%) soil type will be chosen when this is the case (stratified random selection). The location of the co-locate sample site within the field area will be randomly selected from a field grid. Areas that are not representative of overall field conditions or contain geological or wetland areas will be blocked off of the grid. The individual sample design and protocol of each parameter measured is outlined below. Parameters to be measured include: surface water, ground and soil water, soil moisture, air, soil, manure, forage, and meteorological conditions.


10.2. Sample Strategy and Numbers



10.2.1. Test Site Number


Sample numbers are dependent on the parameter measured and the confidence level desired. We have chosen to sample multiple fields at 10 farms per year to account for variability in soil type, weather patterns, management, technologies, etc. throughout the watershed. Since there are no prior data to determine population variance or the CV for field conditions within the watershed, an exact sample size to meet pre-specified conditions is not available (n = t2CV2/E2, where n = sample size, t = Student’s t statistic for CV, CV = coefficient of variation, and E = acceptable error as a proportion of the mean). However, by using an iterative confidence interval approach to estimating sample size, we have determined that 10 sample farms is sufficient to minimize variability between farms at a 95% margin of error. The first year of the project, we will have five test fields/farms to assess sampling methods and strategies. Starting in year two, the project will add 10 additional farms per year for a total of 35 farms, which should be more than sufficient to reduce variability and allow a projection of results over the watershed area, rather than be limited to the sample site. However, comprehensive sampling of all mediums (surface water, groundwater, soil, air, manure, and forage) and all analytes will only be conducted over the entire project period on test farms enrolled in years one, two, and three. This is because, while one year is sufficient to show a trend in variability between seasons, one year of data are not sufficient enough to account for variability in nutrient cycling within seasons. Farms enrolled in year four of the study will primarily be utilized for testing of ARM system tools and components and will have limited and targeted testing done based on previous study results as to which measures are most important for entry into the ARM worksheet (i.e., nitrogen in soil, soil moisture, and soil temperature). 


10.2.2. Field Numbers



In order to decrease variability within test farm sites, multiple fields per farm (1 to 3+) will be measured. A test field will be defined as an area of only one soil type. Based on that definition, one farm field can have multiple soil types and field test units. The number of test fields selected will depend on ARM risk rating characteristics, the variability between fields on the farm, and the crops grown. Variability is expected, but should be within the selected margin of acceptable error (10% CV). The selection process for test fields will be consistent for all test farms. When applicable, paired test and control fields will be used to measure the difference between application strategies and practices. Paired fields will need to be adjacent to each other to ensure they have the same soil type, weather influences, groundwater depth fluctuations, crop, and management. Pair fields will be selected based on availability. 



10.2.3. Medium Numbers



The number of samples taken at each site throughout the year will vary depending on the medium. Current sampling protocols are designed to have the least amount of variability and still stay within sampling budget. The total number of samples (n) to be taken per medium, over the entire project lifetime (4 years) is shown in Table 10.1 (numbers subject to change). More specific frequencies of sampling are outlined in section 10.3. While it is not anticipated, if the CV is outside of acceptable limits, sampling protocols will be revised to include more sampling events to achieve the level of error specified in this plan. 


Note: Sample number may change (no significant decrease expected) depending on additional outside funding, price adjustments, and project assessment. Any increase in sample number will benefit the project objectives. 


Table 10.1. Estimated sample numbers over the project lifetime for each medium and analyte (number subject to change (+/-) with budget, sample protocol revision, and equipment)


			Sample Medium


			Analyte(s)


			Estimated Number (n)





			Water (Surface)


			FC


			1,935





			 


			Total N


			1,935





			 


			Nitrate, Cl-


			96





			 


			Total P


			1,735





			 


			DO, pH, temp, conductivity, nitrate, NH4


			6,450





			Water (Soil/Ground)


			FC


			20





			 


			Total N


			600





			 


			Nitrate, Cl-


			25





			 


			Total P


			300





			 


			DO, pH, temp, conductivity, nitrate, NH4


			1,170





			


			Soil moisture


			16,000





			Soil


			EC, OM, TKN, NO3, P, pH, NH3-N


			1,095





			


			Mineral profile, cation exchange


			100





			 


			TKN, NO3, NH4, total P, C:N


			360





			Manure


			Moisture, TKN, NH4-N, total P, K


			1,100





			


			Nitrate


			10





			Air


			GHG (CO2, CH4, N2O)


			1,095





			


			Ammonia


			1,095





			 Forage


			DM, CP (N), P, nitrate, TDN


			180








10.3. Sample Types, Locations, and Frequencies 



Each of the environmental parameters measured is outlined below along with sample locations and frequency of sampling
. Actual analytes measured for each parameter are listed in Table 10.1. 


10.3.1. Surface Water



In-stream. Surface water will be collected from test fields that have adjacent waterways (i.e., field ditches, streams, creeks, rivers, wetlands, etc.). Surface water samples will not be taken from fields that do not have adjacent waterways. Prior to each measurement, the sample location will be noted with GPS coordinates, and field and weather conditions recorded. Then, a sample from each waterway located adjacent to the test field will be collected upstream (background), and downstream (source pollution) of the field and assessed using a paired model. The difference of the two measures is the pollution contributed by processes within that field. In order to make sure the same water “particle” is being sampled, the water flow velocity will be determined prior to sampling (Q = d/t, where Q = flow rate (ft/s), d = distance between point A and B (ft), and t = time from point A to B (s)). The flow rate will help determine the time necessary to wait between taking upstream and downstream water samples. A water quality sample will be taken 24 hours before and 24 hours after every field application (approximately 1-6 per year depending on crop). Additional samples will be taken during storm events when runoff events are possible (approximately four per year). Visual appraisal of field conditions and runoff events will also be conducted and recorded during storm events. If a waterway is dry or very low (<10% of normal flow), no samples will be taken. Samples will be taken at the same location for each measurement cycle to reduce variability.


Overland. Secondary runoff measures will be taken within buffer areas (0-100 ft) to determine the effectiveness of buffers and manure setbacks at limiting nutrient and pathogen runoff. Measurement devises (5 gal pan lysimeters) will be installed at a subsurface (1 inch) level to determine overland flow and concentration. The flow collectors will consist of a 5 gal bucket buried to 1 inch below the soil surface with a permeable lid topped with inert sand substrate (will be tested) to allow overland flow to flow into the collection container. Flow collectors will be permanent installations over the project lifetime. Samples of pan contents will be taken after significant rain events in conjunction with stream measurements and all the same analyses will be conducted.



10.3.2. Ground and Soil Water


Soil Water. Soil water samples will be taken at one area location in each test field using a variable tube technique (lysimeter). The sample area chosen will be representative of the majority (>50%) of the field. Both suction and pan lysimeters will be installed in test fields at 3 to 5 foot spacing so that sample areas do not overlap, and at depths of 6, 12, and 24 inches. While the pan lysimeter will be the primary method utilized for measurement of soil water, some suction lysimeters will be installed as a validation and secondary measurement. Suction lysimeters work by creating a vacuum inside the sampler that is greater than the soil water tension, thus allowing the soil water to flow from the soil pores into the ceramic cup sampler to be collected and tested. This is an effective way to measure soil water at specific soil horizons in saturated, wet, or heavy textured soils, but can overestimate soil concentration due to the accelerated wicking action. Pan lysimeters are passive samplers that collect soil water that has gravitationally percolated through the soil profile and into a filtered collection bucket. The cumulative liquid collected is pumped out of the bucket and sampled. Pan lysimeters are an effective way of characterizing the nutrient and pathogen composition of soil water from precipitation that has naturally flowed through the soil profile to a specific depth, but are only effective with precipitation. Both methods are being used in order to get an accurate picture of the various soil water processes and transport occurring throughout the year under precipitation (pan), groundwater flux (suction), and natural soil moisture (suction) conditions.  In both cases, the permanent lysimeter samplers need to be installed carefully under the soil surface at the specified depths without causing a significant change to the surface above it. This will be done by excavating a pit and installing the samplers into the exposed area, rather than digging a hole and burying them. Since soil water samples can only be taken when there is soil water present, sampling will not be conducted when the soil is dry (co-located soil moisture probes will help determine moisture content), or there has been no significant precipitation. When conditions are favorable, soil water samples will be taken 24 hours before every manure application event, and 48 hours after. Soil water will also be sampled once every two weeks from September through February to characterize soil water at various depths over time. 


Groundwater. Groundwater samples will be taken at those field locations that already have monitoring wells installed. When wells are present, soil water samplers will be co-located with the monitoring wells to give comparable measures. Groundwater depth will be determined first by using a measuring stick, and then a sample of the groundwater will be taken by inserting a sterile Tygon tube into the well and pumping a sample into a sterile sample container. Groundwater samples will be taken at the same frequency and time as soil water samples for comparison and added data. 


Groundwater Depth. For those fields without monitoring wells installed, a groundwater depth monitoring tube will be installed down to 6 feet below the soil surface following DOE Standards for Construction and Maintenance of Wells and USACOE guidelines. The tube will be a 6 foot, 2 inch diameter PVC pipe with a float, installed with a boring probe. When not in use, the tube will be tightly capped. The tube will help determine the groundwater depth to surface level (0-6 feet) at all times of the year to see its effect on transport and dilution of nutrients in the soil profile. In areas where installation of a monitoring tube is not practical or allowed, a hole, no deeper than 4 feet will be dug, or secondary factors (i.e., ditch levels, creek levels) will be utilized for determining groundwater depth to surface.  


Soil Moisture. Soil moisture will be determined using a resistance (gypsum) block. To monitor soil moisture across the field, two gypsum blocks will be buried 12 inches deep at representative locations in each field, and an additional three blocks will be co-located with pan lysimeter locations at 6, 12, and 24 inches deep (only 12 and 24 in corn fields due to tillage practices). Each block will be installed with a 1.5 inch diameter auger and soil will be packed back after installation. The location of each block will be marked with GPS coordinates. Measurements will be taken each time any other constituent is measured, including before and after manure application, during big storm events, randomly throughout the year at the same times as soil, surface water,  and groundwater samples, and at any other time of interest. When gypsum blocks are being installed, a characterization of the soil profile (soil core) above the block will be recorded.


10.3.3. Air


Ammonia and greenhouse gas (nitrous oxide, methane, carbon dioxide) measurements will be taken one day before and at 1, 2, and 7 days after each manure application event. Ammonia and greenhouses gases will be also sampled randomly once monthly throughout the year, not to coincide with manure application events. All sample locations will be recorded with GPS so that subsequent samples may be taken in the same area.



Ammonia. Ammonia will be measured using an EPA approved photoacoustic real-time analyzer (Nitrolux-S, Pranalytica, CA) along with a surface collection system. Two types of surface collection systems will be utilized: point and composite. The point system consists of one HDPE sampling line, which is staked 4 inches above the ground surface, connected directly to the ammonia analyzer, and sampled at a rate of 1 lpm. This set-up is used when a single and defined point is desired to be measured. The composite surface collection system consists of 6 HDPE sampling lines protected by a 6 inch diameter PVC cap staked 4 inches above the ground surface. The cap is used to prevent moisture, dust, and dry deposition of gas from entering the sampling lines. The sampling lines, staked randomly in a set area, collect ambient air under vacuum into a composite sampling device. The PVC sampling device pulls air from the sampling lines at equal rates and mixes it in a closed, circulated container. From this mixed sample, the real-time ammonia analyzer actively collects a sample of air at a fixed rate of 100 cc/min. Samples are logged every 120 seconds for accurate analysis of surface ammonia concentration trends and variations over time. The system is unique because it does not disturb the normal surface flux behavior, and thus does not alter the rate and concentration of surface emissions like other measurement devices can (i.e. flux chambers, wind tunnels, etc.). 



GHG. Greenhouse gases will be measured on-farm using the accredited syringe technique method. Both ambient and plot samples, which will be co-located with the soil water sampling locations, will be taken. These measurements, conducted in partnership, will be sent to Agriculture and Agri-Food Canada for analysis.


10.3.4. Soil


Soil Sample. Soil samples will be taken using a simple randomized design with composite analysis. Every test field will be sampled at one (0-12 inches) to three depths (0-6, 6-12, and 12-24 inch). Depths were chosen because they are at plow depth, root zone depth, and below root zone depth, respectively. Samples will be collected before each manure application to evaluate agronomic application rates. Samples, co-located with ground/soil water equipment, will also be taken once monthly from September to February at 6, 12, and 24 inches at the same time as soil water samples and tested for nitrate. All sample locations will be recorded with GPS so that subsequent samples may be taken in the same area. An appropriate number of samples will be taken for each depth on each test field according to field size, procedures for EPA randomized grid designs, mixed as a composite sample, and sub-sampled. At minimum, the number of sample cores that will make up a composite sample will be 10 samples for each of the various sample depths. One sample per field, per depth, plus any QA duplicates, will be sent for analysis.


Soil Temperature. Soil temperature at surface (0), 6, 12, and 24 inches will be determined with a hand held probe thermometer (36 inch) at all soil-water, air, and soil sample locations at each sampling. Measurement locations will be marked with GPS and results recorded in a field logbook. 


10.3.5. Manure


Manure samples will be taken at each manure application event. Two types of samples will be taken, one that is representative of the entire field (composite), and one that is specific to the location of the soil water samples. This will help us understand the specific contribution to the nutrient profile in the area over the samplers, as well as the profile for the entire field for broader conclusions. Depending on lagoon management and application technology, manure applied to farm fields can vary in concentration throughout the application time period. Therefore, a composite sample will be obtained by taking a sample from the manure applicator approximately every 10,000 gal applied, or over the soil water samplers for the specific location case. If tests show consistency between the samples (<10% variation), then only one sample needs to be taken at each application event (specific).


10.3.6. Crop/Forage


Both composition and crop yield data (lbs/acre) will be obtained at each harvest/cutting for each test field. This is approximately four-six samples for grass and one for corn per year. Yield will be measured immediately prior to harvest by using a box and cut method where a known area is hoped off (3 ft diameter) and cut by hand at approximately the same height as the harvesting equipment. The total yield (Y) in lbs/acre is measured by Y = (Ywet x DM)/Area, where Ywet is the wet weight of the forage harvested in the field (lb), DM is the dry matter determination by the lab (%), and Area is the total area of the sample hoop (acre). A yield estimate from the producer will also be obtained and recorded for comparison. After the field is cut by the producer, a composite grab sample that is representative of the entire field will be taken and sent in for total analysis. 


10.3.7. Meteorological


Meteorological data including ambient temperature, relative humidity, wind speed, wind direction, pressure, altitude, dewpoint, and wet bulb temp will be recorded in the field using a portable handheld weather monitor (Kestrel 4000). The weather monitor will be set up in the field during sampling campaigns at the same location as soil moisture equipment. Data will be recorded at various heights (i.e., ground level, 6 feet) depending on the parameter being measured (e.g., air quality, surface runoff, etc). See Table 7.2 for instrument details.



Precipitation will be measured at each test site with a rain gauge. The rain gauges will be installed permanently on-site according to proper installation procedures outlined by the manufacturer. Observations will be made on a daily basis by the farm operator and recorded in a log book. 


Meteorological data will also be recorded from permanent sites located throughout the county (see Table 10.2). Field data will be compared to these sites for correlation and validation purposes. Forecast data will also be obtained and recorded from external sites. Table 10.2 shows various meteorological sites and their measures to be consulted during the project. 


Table 10.2. Meteorological sites consulted and measures recorded as part of the project data


			Site


			Address


			Measures Recorded


			Days Forecasted Out





			NOAA


			www.wrh.noaa.gov


			Temp, precip (predicted, 6hr), RH, wind speed, wind dir


			4





			NOAA - Quick Forecast


			forecast.weather.gov


			Temp, precip (predicted, 12 hr)


			3





			University of Washington - Probcast


			www.probcast.com


			Temp, precip (predicted, 12 hr)


			2.5





			Farmers Forecast


			www.weather.com


			Temp, precip (predicted, 12 hr), wind speed, wind dir, GDD*


			1.5





			Washington State University - AgWeatherNet


			weather.wsu.edu


			Temp, precip (current), soil moisture, soil temp, wind speed, solar radiation, leaf wetness


			Current, Historical





			Farm West


			www.farmwest.com


			Temp


			5





			Weather Underground


			www.wunderground.com


			Temp, precip (historical), RH, wind speed, wind direction


			2, Historical








*GDD = Growing Degree Days



11. Sampling Methods


The procedures for sample collection including methods, equipment, collection materials, preservation techniques, and decontamination procedures are listed below as well as in Table 11.1. All sample container types, and volumes are specified by the laboratory. All holding times and storage conditions are specified by the laboratory following EPA required procedures outlined in 40 CFR Part 136.  Individual SOPs for each medium measured will be available to project personnel to ensure consistent sampling procedures throughout the project.  


11.1. Sample Collection, Preparation, and Decontamination Procedures



11.2.1. Surface Water



In-stream. Three samples will be taken for water quality samples, one for fecal coliform analysis (FC), one for lab analysis (i.e., total-N, nitrate, Total-P, etc) (lab), and one for field analysis (field). Surface water will be collected into 120 ml (FC), 250 ml (lab), or 500 ml (field) sterile environmental testing bottles provided by the state-certified testing laboratory. Each labeled bottle will be uncapped and inserted into the center of the stream flow or out 5 feet from the stream bank (whichever is most appropriate for the waterbody size), and a sample will be collected into the bottle. The FC sample will be collected first, and then the two 250 and 500 ml bottles will be collected in unison. The 120 ml and 250 ml sample containers will be capped immediately, taking care not to touch the lip of the bottle or inside of the cap, and placed in a chilled (≤6 °C), UV protected cooler. The clean field analysis probe will be inserted into the 500 ml container for real time analysis of measures listed in Table 11.1. All results will be logged into the meter as well as recorded into a field notebook. After the analysis is complete, the uncontaminated sample will be returned to the waterway from which it came and the analysis container and sample probe will be rinsed thoroughly with DI water. FC and lab samples will be stored in the chilled cooler and taken to the laboratory for analysis the same day. If same day drop off is not possible, samples will be stored in a refrigerator overnight and taken to the laboratory within 24 hours of attainment. A field replicate, treated in the exact same way, will be taken every twentieth sample for FC and lab samples and sent for analysis. Field samples will be split every twentieth sample and analyzed for variability. 


Overland. Any overland flow collected by the bucket sampler will be pumped through Tygon tubing with a hand pump from the bucket into a sterile 120 ml (lab) and 250 ml (field) container. If there is excess liquid in the bucket, it will all be pumped from the container down-gradient into the field so that the preceding sample period is distinguished from the last. The 120 ml container will be handled in the same manner as describe above for lab samples and the 250 ml container will be handled as a field sample. All analysis will be the same as for in-stream samples. 


11.2.2. Ground and Soil Water



Soil Water. Soil water will be collected as described in section 10.3.2. using both a pan and suction lysimeter. For the pan lysimeter, soil water collected in the pan will be pumped through Tygon tubing using a hand pump and into a sterile collection vessel. The sample will be transferred from the collection vessel into 120 ml (FC, lab) and 250 ml (lab and field) sterile environmental testing bottles provided by the state-certified testing laboratory. The lab sample will be capped immediately, taking care not to touch the lip of the bottle or inside of the cap, and placed in a chilled (≤6 °C), UV protected cooler. The clean field analysis probe will be inserted into the filed 250 ml container for real time analysis. All results will be recorded by the meter as well as entered into a field notebook. In the case of low collection volumes (<100 ml), fill preference will be given to the laboratory sample. If a field sample is not able to be obtained, field measures (i.e., nitrate, ammonium, EC, DO) will be conducted by the laboratory instead. After the analysis is complete, the uncontaminated sample will be returned to the field from which it came and the collection vessel and sample probe will be rinsed thoroughly with DI water. Lab samples will be stored in a chilled (≤6 °C) cooler and taken to the laboratory for analysis the same day. If same day drop off is not possible, samples will be stored in a refrigerator overnight and taken to the laboratory within 24 hours of attainment. A field replicate, treated in the exact same way, will be taken every twentieth sample for lab samples and sent for analysis. Field samples will be split every twentieth sample and analyzed for variability.



Groundwater. When available, groundwater samples will be obtained from monitoring wells by inserting a sampling tube into the well and pumping the liquid from a specified depth into a collection vessel. The sample will then be split into two 100 ml (FC, lab) and 250 ml (field) sterile environmental testing bottles provided by the state-certified testing laboratory. The lab sample will be capped immediately, taking care not to touch the lip of the bottle or inside of the cap, and placed in a chilled, UV protected cooler. The clean field analysis probe will be inserted into the 250 ml container for real time analysis. All results will be recorded into a field notebook. After the analysis is complete, the uncontaminated sample will be returned to the field from which it came and the collection vessel and sample probe will be rinsed thoroughly with DI water. Lab samples will be stored in a chilled (≤6 °C) cooler and taken to the laboratory for analysis the same day. If same day drop off is not possible, samples will be stored in a refrigerator overnight and taken to the laboratory within 24 hours of attainment. A field replicate, treated in the exact same way, will be taken every twentieth sample for lab samples and sent for analysis. Field samples will be split every twentieth sample and analyzed for variability.


Soil Moisture. Soil moisture will be determined using resistance (gypsum) blocks buried in each test field and marked using GPS. Resistance blocks work by absorbing water into the gypsum, which is cast around two electrodes, dissolving some of the gypsum and effectively lowering the resistance for an electrical current to be passed between the two electrodes. The more water that enters the gypsum block, the lower the resistance. To ensure proper functioning, the block will be installed at the proper depth using an auger no wider than the probe diameter. After it is inserted into the soil profile, the block will be covered and the soil temped firmly to remove any possible air pockets in the soil which can skew readings. To measure the soil moisture level, the block electrodes will be connected to a handheld monitor and the reading recorded in a field log book. Gypsum blocks will be left in the soil for the entire sampling period. If one is lost due to plowing activities, etc., it will be replaced in the same area. 


11.2.3. Air



Ammonia. Ammonia will be measured using a photoacoustic real-time analyzer (Nitrolux-S, Pranalytica, CA) and surface collection system as described in section 10.3.3. Sample locations will be co-located with soil water samplers, as well as randomly throughout the field. Samples are logged every 120 seconds. After a one to two cycle adaptation period, sample areas will be measured for approximately 10 minutes prior to moving to the next sample location. A background (ambient) sample will be taken for a minimum of 10 minutes prior to sampling for validation/quality control. All ammonia data is logged into the analyzer, downloaded onto a USB, and analyzed with Excel. 



GHG. Greenhouse gas samples will be taken using a syringe technique. Ambient samples will be taken by slowly pulling air into a 60ml syringe at a rate of 1 ml/sec and injecting the air into a labeled vacutainer. Plot samples will be taken by pulling an air sample from the composite sampler outlined above at the same time as ammonia measurements are made. Samples will be injected into vacutainers, stored in a UV protected container (temperature not an issue), and sent to Agriculture and Agri Food Canada for GC analysis within seven days of each sampling event. For quality control, a split field replicate, will be taken every twentieth sample and sent in for analysis.


11.2.4. Soil



Soil samples will be taken at one (0-12 inches) to three (0-6, 6-12, and 12-24 inches) depth segments using a clean
 and dry handheld soil probe. If a foot driven soil probe is impractical due to soil type (dry, rocky, etc.), a hand held auger will be used to extract the sample. To obtain the segments with the probe, a 24 inch soil probe will be inserted into the soil and the core extracted. The core will then be divided into the three segments using a ruler. Each sample for each depth will be transferred into a separate, clean plastic bucket and mixed thoroughly using a gloved hand. A 500 ml homogeneous sub-sample of each composite sample will be taken and transferred into two 1 liter, labeled, sterile plastic bags. Samples will be stored and transported in a chilled (<10 °C), closed container. The container will be maintained under dry conditions using frozen gel packs. One sample will be stored for reference at -20°C and the other will be taken to the laboratory on the day of sampling. If same day drop off is not possible, samples will be stored in a refrigerator for no more than 48 hours prior to transport to the laboratory. A field replicate, treated in the exact same way, will be taken every twentieth sample and sent in for analysis.


11.2.5. Manure



Manure samples 
will be taken at each manure application event using the catch method (for aerator, splash plate, or big gun methods). A composite sample of manure will be collected into a bucket, thoroughly mixed, and two homogeneous 1000 ml sub-samples will be transferred into sterile plastic sample containers. Samples will be stored and transported in a chilled (≤6 °C) container. One sample will be stored for reference at -20°C and the other will be taken to the laboratory on the day of sampling. If same day drop off is not possible, samples will be stored in a refrigerator for no more than 48 hours prior to transport to the laboratory. A field replicate, treated in the exact same way, will be taken every twentieth sample and sent in for analysis.


11.2.6. Crop/Forage



Crop yield data (lbs/acre) will be obtained at each harvest/cutting as described in section 10.3.6. For forage/crop composition, a composite sample from each harvest will be obtained by grab method, thoroughly mixed in a clean bucket, sub-sampled, and placed in a clean one liter plastic bag. Samples will be stored dry in and transported in a chilled (≤10 °C), closed container. One sample will be stored for reference at ≤4 °C and the other will be taken to the laboratory on the day of sampling. If same day drop off is not possible, samples will be stored in a refrigerator for no more than 48 hours prior to transport to the laboratory. A field replicate, treated in the exact same way, will be taken every twentieth sample and sent in for analysis.


11.2.7. Meteorological



Meteorological data will be recorded in the field using a portable weather station (Kestrel 4000). The station will be taken to each sample location and parameters will be logged by the station in 2-3 second intervals over the entire sampling period. The current weather parameters will also be recorded in a log book at the start and end of each sampling exercise for all mediums sampled. Precipitation measurement will be recorded and reset at each sampling event. Data will be entered and/or downloaded after each sample day and analyzed and stored accordingly. 


Table 11.1. Sample collection and storage requirements for mediums and analytes collected (maximum holding times for water mediums are taken from 40 CFR Part 136)


			Sample Medium


			Analyte


			Analysis Method*


			Sample Volume


			Container Type


			Preservation Technique


			Max Holding Time





			Surface Water


			Fecal Coliform


			Laboratory


			120 ml


			Sterile plastic bottle


			Ice bath (field, transport) or refrigerator  (office); 0.0008% Na2S2O3 if Cl- present


			6 hr at ≤10 °C (EPA);


6-30 hrs at <4 °C (WSDOE)





			 





			Total N, TKN, ammonia,  total P, Cl-


			Laboratory


			250 ml each (1 L for all samples)


			Sterile plastic bottle


			Ice bath (field, transport) or refrigerator  (office); acidified with H2SO4


			48 hrs at 4 °C; 28 d at ≤6 °C if acidified with H2SO4 





			


			Nitrate


			Laboratory


			250 ml


			Sterile plastic bottle


			Ice bath (field, transport) or refrigerator (office)


			48 hr at ≤6 °C 





			 


			Dissolved oxygen (DO), temperature, conductivity, nitrate, ammonium-N, pH


			Field Meter


			500 ml


			Clean plastic bottle


			NA


			NA





			Ground/ Soil Water


			Total N, TKN, ammonia, total P, Cl-


			Laboratory


			250 ml each (1 L for all samples)


			Sterile plastic bottle


			Ice bath (field, transport) or refrigerator  (office); acidified with H2SO4


			48 hrs at 4 °C; 28 d at ≤6 °C if acidified with H2SO4





			


			Nitrate


			Laboratory


			250 ml


			Sterile plastic bottle


			Ice bath (field, transport) or refrigerator (office)


			48 hr at ≤6 °C 





			


			Fecal Coliform


			Laboratory


			120 ml


			Sterile plastic bottle


			Ice bath (field, transport) or refrigerator  (office); 0.0008% Na2S2O3 if Cl- present


			6 hr at ≤10 °C (EPA);



6-30 hrs at <4 °C (WSDOE)





			 


			Dissolved oxygen (DO), temperature, conductivity, nitrate, ammonium-N, pH


			Field Meter


			250 ml


			Clean plastic bottle


			NA


			NA





			


			Soil Moisture


			Gypsum block


			NA






			NA






			NA






			NA









			Air


			Ammonia


			Field Meter


			1 lpm


			NA


			NA


			NA





			 


			Methane, nitrous oxide, carbon dioxide


			Laboratory


			10 ml


			Vaccutainer


			Cool, dry, dark box


			6 mo days in a closed, dark container at ≤20 °C





			Soil


			EC, OM, FC, total N, nitrate, total P, pH, C:N, minerals


			Laboratory


			1 liters (dry)


			Whirl Pak - Sterile plastic bag


			Closed container; ice block (field) or refrigerator  (office)


			48 hr at ≤6 °C (dry); or indefinitely at -20 °C





			Manure


			EC, OM, C:N, FC, total N, ammonium, nitrate, total P, K


			Laboratory


			1 L (dry); 1000 ml (liquid)


			Whirl Pak (solid); Clean plastic bottle


			Closed container; ice bath (field) or refrigerator  (office)


			48 hr at ≤4 °C; or indefinitely at -20 °C





			Forage


			DM, CP (N), P, nitrate, TDN


			Laboratory


			1 liter (dry)


			Whirl Pak - Sterile plastic bag


			Closed container; ice bath (field) or refrigerator  (office)


			48 hr at ≤4 °C (dry); 








* See Table 7.1 for laboratory analytical method reference for each analyte


11.2. Plan for Sampling or Measurement Failure



All sampling procedures and protocols assume proper functioning of equipment as well as proper attainment, processing, and delivery of samples. In the event that something does not go as planned during field sampling, back-up protocols will be in place. If the problem is beyond available protocols or a simple fix, the field team may identify and determine an alternative course of action, which must be approved prior to implementation by the WCD Project Manager. The problem and corrective action will be documented in the field log book.


To necessitate quick action, extra sample vials/bags, probes, tubing, etc. will be available in the field. If an unfixable problem occurs with field sampling equipment, it will be replaced as quickly as possible, as back-ups are not usually feasible due to cost. If samples are not properly stored, or lost, a make-up sample day will be scheduled if possible. If this is not possible due to weather conditions, etc., the missing data will be noted and appropriately documented in the data set.


12. Sample Handling and Custody



Sample processing and handling is a vital part of the organization, integrity, and longevity of the sample protocol. The following explains the storage and transport conditions of the samples, the labeling and tracking system, and the chain of custody.



12.1 Sample Storage and Transport



As outlined in Section 11, all samples will be collected into the proper containers, placed into a chilled temporary storage cooler, and transported to either a secondary holding area (fridge at 3° C or freezer at -20° C) or the laboratory according to maximum holding times listed in Table 11.1. 


12.2. Sample Handling and Tracking System



All samples obtained will be recorded in ink in a bound field log book
. Any corrections to information entered into the log book will be striked out using a single line and signed by the sampler. The information recorded will include: 


· date, 


· time of each sample collection, 


· GPS coordinates of each sample location, 


· site number, 


· field number, 


· sample number (add a “D” for duplicate and “B” for blank), 


· sample medium type, 


· analysis being performed (lab or field), 


· weather parameters and conditions,



· field conditions (crop, cover density, ponding, etc.), 


· person performing sampling, 


· laboratory sent to, 


· and holding time between collection and analysis. 


Any other noteworthy items will also be recorded including photos taken to document field conditions and sample procedures. For samples analyzed in the field (dissolved oxygen, pH, temperature, conductivity, nitrate, ammonium-N, soil moisture, ammonia, and meteorological conditions), the same information will be recorded along with analyte results. 


All sample containers will be labeled according to a code system which contains information including: 


· sample type (i.e., medium, analyte, technology), 


· site number, 


· field number, 


· date, 


· and sample number (add a “D” for duplicate and “B” for blank). 


When possible, the label code will be written directly onto the sample container in permanent ink, otherwise, the sample identification information will be written on a label, which will be affixed to the sample container. 


12.3. Chain of Custody



Samples will be packaged and shipped, or hand delivered to the laboratory as soon as possible (see Table 11.1) by the field technician. A chain-of-custody form supplied by the laboratory will be filled out and submitted with samples. Copies of forms will be retained by the Project Manager.


13. Analytical Methods



The majority of sample analysis is done by analytical laboratories that have their own methods (SOP), performance standards, and reporting procedures in place according to approved protocols. These documentations will be available by the laboratory upon request. In-situ field sampling will be conducted following procedures outlined by the manufacture or approved in the QAPP.


13.1. Analytical Methods



All samples will be collected, handled, and processed as described in sections 11 and 12. Standard operating procedures (SOP), methods, and laboratories are outlined for each analyte in Tables 7.1 and 13.1. The laboratories used will follow their own SOP for each analyte analysis. It is unexpected, but if any modification of method needs to be done by the lab, a copy of the modified SOP will be obtained. All SOPs for in-situ field sampling are available from the project manager.



Table 13.1. Standard operating procedures (SOP) and laboratory used for matrix analysis



			Matrix 


			Analyte


			Primary Testing Method


			Data Turn Around Time


			Primary Laboratory


			Secondary Laboratory





			Surface Water


			Fecal Coliform


			 Laboratory


			48 hours


			Exact Scientific Services



3929 Spur Ridge Lane, Suite 1 



Bellingham, WA 98226     (360) 733-1205


			Avocet Environmental Testing                                  1500 North State Street
Bellingham, WA 98225
(360) 734-9033





			 


			Total N, TKN, total P, nitrate


			Laboratory


			48 hours


			Exact Scientific Services



3929 Spur Ridge Lane, Suite 1 



Bellingham, WA 98226            (360) 733-1205


			Avocet Environmental Testing                                  1500 North State Street
Bellingham, WA 98225
(360) 734-9033





			 


			DO, temperature, conductivity, nitrate, ammonium-N


			In-Situ - YSI Pro Plus Meter, SOP


			Immediate


			NA


			Exact Scientific Services 3929 Spur Ridge Lane, Suite 1 



Bellingham, WA 98226            



(360) 733-1205





			


			pH


			In-situ pH Probe


			Immediate


			NA


			Exact Scientific Services 3929 Spur Ridge Lane, Suite 1 



Bellingham, WA 98226            



(360) 733-1205





			Ground/Soil Water


			Total N, TKN, total P, nitrate


			 Laboratory


			48 hours


			Exact Scientific Services 3929 Spur Ridge Lane, Suite 1 



Bellingham, WA 98226            (360) 733-1205


			Avocet Environmental Testing                                  1500 North State Street
Bellingham, WA 98225
(360) 734-9033





			 


			DO, temperature, conductivity, nitrate, ammonium-N


			In-Situ - YSI Pro Plus Meter, SOP


			Immediate


			NA


			Exact Scientific Services 3929 Spur Ridge Lane, Suite 1 



Bellingham, WA 98226            



(360) 733-1205





			


			pH


			In-situ pH Probe


			Immediate


			NA


			Exact Scientific Services 3929 Spur Ridge Lane, Suite 1 



Bellingham, WA 98226            



(360) 733-1205





			 


			Soil Moisture


			In-Situ - Gypsum Block, SOP


			Immediate


			NA


			NA





			Air


			Ammonia


			In-Situ - Pranalytica, SOP


			Immediate


			NA


			NA





			 


			Methane, nitrous oxide, carbon dioxide


			 Laboratory


			 


			Agriculture and Agr-Food Canada Research Laboratory                 



6947 Highway 7
PO Box 1000
Agassiz, British Columbia
V0M 1A0
604-796-2221


			NA





			Soil


			EC, OM, FC, total N, nitrate, total P, pH


			 Laboratory


			48 hours


			Custom Dairy Services 



8895 Guide Meridian Rd 



Lynden, WA 98264-9747       (360) 354-4344


			Exact Scientific Services 3929 Spur Ridge Lane, Suite 1 



Bellingham, WA 98226            (360) 733-1205





			Manure


			EC, OM, C:N, FC, total N, ammonium, nitrate, total P, pH


			 Laboratory


			48 hours


			Custom Dairy Services 



8895 Guide Meridian Rd 



Lynden, WA 98264-9747       (360) 354-4344


			Exact Scientific Services 3929 Spur Ridge Lane, Suite 1 



Bellingham, WA 98226            (360) 733-1205





			Forage


			DM, CP (N), P, nitrate


			 Laboratory


			72 hours


			Custom Dairy Services 



8895 Guide Meridian Rd 



Lynden, WA 98264-9747       (360) 354-4344


			Edge Analytical, Inc.                   805 West Orchard #4         Bellingham, WA 98225             (360) 715-1212








* See Table 7.1 for individual analytical methods for each analyte


13.2. Corrective Actions



If problems with analysis at a laboratory arise, it will be foremost up to the lab manager to correct the issue appropriately. If not corrected, the samples will be sent to the secondary lab outlined in Table 13.1. If field equipment is not working, the sample will collected and sent to the laboratory listed for analysis. 



14. Quality Control



In order to identify any variability in sample collection, analysis, or measurement activity, a quality control protocol will be in place. Variability will be tested for in-field (collection) and laboratory (analysis) procedures. A combination of blanks, repeated measures, and duplicates for all analytes and mediums measured will help measure the effect of errors and identify areas where corrective action should be taken. 


The laboratories used in the study conduct their own in-house quality control procedures to ensure their methods and equipment are accurate and unbiased and that the data provided are of good quality. If at any time we feel that the primary laboratory is yielding questionable results, or we are having a quality issue with the lab, duplicate samples will be sent to the secondary lab for QC validation (see Table 13.1 for primary and secondary labs).


14.1. Blanks


Field blanks will be taken to assess the background or contamination levels (variability) of various parameters such as sample containers, handling procedures, and background pollution levels. 



Field blanks will represent 2% of all samples (1 per 50 samples) taken for water quality parameters. A sample container will be filled with the same clean water used to rinse all equipment and bottles, handled in the same environment and the same way as sample containers and sent to the lab for analysis of the same analytes as the sample it is paired with. 



Field blanks for air quality measures will be taken to assess background (ambient) concentration and handling procedures. For ammonia, a period of ambient sampling at approximately 24 in above the soil surface will precede each sampling event. For greenhouse gases, a sample of ambient air will be taken at the same time as each sampling event.


14.2. Repeated Measures



Repeated measures (replicate or split samples) will be conducted to assess the imprecision (random error) of in-situ field equipment and methods, sample collection and composite sampling methods, as well as to check the accuracy of laboratory analysis. 


A replicate sample of surface water, ground water, soil, and manure will be taken every 20th sample (5% of total samples). The replicate will be taken at the same time as the primary sample and sent to the lab for duplicate analysis. For soil and manure samples, the duplicate will come from the same bucket as the primary sample, both of which are sub-samples from a composite of multiple samples.  


Water samples measured in-situ with the field sampler will be split every 10th sample (10% of total samples) and analyzed in the same way, cleaning the probe between samples. Values will be recorded in the field log book. 


A difference of up to 10% will be accepted between samples (%Diff = (|sample 1 – sample 2|)/[(sample 1 + sample 2)/2] * 100%). If the samples differ by more than 10%, corrective action will be taken (see Table 14.1).


14.3. Accuracy (Precision & Bias)


Accuracy of field equipment will be assed by in-field comparison to known values (i.e., known solutions, certified equipment values, etc.). 


To measure the in-situ precision of the YSI field monitor, temperature, nitrate, and pH will be compared against known solutions or certified equipment every 10th sample. The pH probe will be verified with a known solution of pH 7.0. The nitrate probe will be validated against a 1 mg/L calibration solution. For temperature, a NIST certified thermometer will be inserted into the sample and compared against the instrument reading. Comparisons will be recorded in the field log book. Corrective action will be taken if any significant differences (Diff >10%) between the two methods are noted. 


The temperature of the sample transport container (cooler) will be checked with a certified thermometer at each sample event. Temperature will be recorded in the field log book. Corrective action will be taken if the temperature is not at the specified level. 


Table 14.1. Field sampling and analytical quality control parameters


			Field QC


			Analyte (Matrix)


			Frequency


			Method/SOP Acceptance Limits


			Corrective Action


			Person(s) Responsible for CA


			Data Quality Indicator (DQI)


			Measurement Quality Objectives





			Field Blanks


			Surface Water


			1 per 50 samples (2%)


			SOP                               No false negatives or positives


			New containers, new sample water, resample, or qualify data


			Field personnel (in-situ), Project Manager (lab)


			Field and laboratory precision, bias, variability


			No false negatives or positives





			 


			Ground water


			1 per 50 samples (2%)


			SOP                               No false negatives or positives


			New containers, new sample water, resample, or qualify data


			Field personnel (in-situ), Project Manager (lab)


			Field and laboratory precision, bias, variability


			No false negatives or positives





			 


			Ammonia


			1 for each sample


			SOP                               No false negatives or positives


			Subtract from sample value


			Field personnel


			Sample and background variability


			No false negatives or positives





			 


			GHG


			1 per sample event


			SOP                               No false negatives or positives


			New syringes and/or vacutainers, subtract from sample value


			Field personnel


			Field and laboratory precision, bias, variability


			No false negatives or positives





			Field Replicate


			Surface Water


			1 per 20 samples (5%) 


			SOP                       Within specified precision limits (RPD)


			Reclean, retest, SOP review, qualify data


			Project Manager


			Field and laboratory precision


			Relative percent difference (RPD) (<10%)





			 


			Ground water


			1 per 20 samples (5%) 


			SOP                      Within specified precision limits (RPD)


			Reclean, retest, SOP review, qualify data


			Project Manager


			Field and laboratory precision


			Relative percent difference (<10%)





			 


			Soil


			1 per 20 samples (5%) 


			SOP                      Within specified precision limits (RPD)


			Reclean, retest, SOP review, qualify data


			Project Manager


			Field and laboratory precision


			Relative percent difference (<10%)





			 


			Manure


			1 per 20 samples (5%) 


			SOP                      Within specified precision limits (RPD)


			Reclean, retest, SOP review, qualify data


			Project Manager


			Field and laboratory precision


			Relative percent difference (<10%)





			 


			GHG


			1 per sample event


			SOP                      Within specified precision limits (RPD)


			SOP review, new syringes and vacutainers


			Project Manager


			Field and laboratory precision


			Relative percent difference (<10%)





			Field Splits


			Water (surface and ground)


			1 per 10 samples (10%)


			SOP 


Within specified precision limits (RPD)


			Check monitor batteries, recalibrate field equipment


			Field personnel


			Equipment precision and accuracy


			Relative percent difference (<10%)





			Cooler Temp


			Temp


			Every sample event


			Within in specified range


			Adjust ice content of cooler (+/-)


			Field personnel


			Variability


			Within specified limits (3-5°C)








14.4 Laboratory Quality Control Procedures



The laboratory performs their own in-house QC to ensure that the quality of their data is good as well as to identify and corrective action that needs to be taken in response to identified deficiencies. The internal QC checks may differ slightly for each individual procedure, but in general include the following (information obtained from Exact Scientific Services, Inc): 



Method Blanks - performed at a frequency of one per batch of samples per matrix type per sample extraction or preparation test method. The results of these samples are used to determine batch acceptance.



Laboratory Control Sample  (QC Check Sample) - are analyzed at a minimum of 1 per batch of 20 or fewer samples per matrix type per sample extraction or preparation method except for analytes for which spiking solutions are not available such as total suspended solids, total dissolved solids, total volatile solids, total solids, pH, color, odor, temperature, dissolved oxygen or turbidity.  The results of these samples are used to determine batch acceptance.



Matrix Spikes (MS) - are performed at a frequency of one in 20 samples per matrix type per sample extraction or preparation method except for analytes for which spiking solutions are not available such as, total suspended solids, total dissolved solids, total volatile solids, total solids, pH, color, odor, temperature, dissolved oxygen or turbidity.  The sample(s) selected for spiking are rotated among received samples so that various matrix problems may be noted and/or addressed.  Poor performance in a matrix spike generally indicates a problem with the sample composition, and not the laboratory analysis, and is reported to assist in data assessment.


Surrogates - Surrogate compounds are added to all samples, standards, and blanks for all organic chromatography test methods except when the matrix precludes its use or when a surrogate is not available. Poor surrogate recovery generally indicates a problem with the sample composition and is reported to assist in data assessment.



Matrix Spike Duplicates (MSDs) or Laboratory Duplicates - are analyzed at a minimum of 1 in 20 samples per matrix type per sample extraction or preparation test method. The selected sample(s) are rotated among received samples so that various matrix problems may be noted and/or addressed.  Poor performance in the duplicates generally indicates a problem with the sample composition and is reported to assist in data assessment.


15. Instrument/Equipment Testing, Inspection, and Maintenance


Proper testing, inspection, and maintenance of equipment will help mitigate any equipment issues and keep it in proper working order, thus reducing field error and possible sampling failures. The following is an explanation of the testing, inspection, and maintenance procedures for project equipment. Table 15.1 summarizes all these actions.  


15.1. Inspection and Testing of Equipment



Inspection and testing of equipment will be conducted on a regular basis to ensure proper functioning and accuracy. Corrective action will be taken as appropriate to the concern at hand. 


All equipment, including the YSI Professional Plus meter, pH meter, Nitrolux-S ammonia analyzer, soil moisture meter, thermometer, and Kestrel weather station, will be inspected up to 72 hours prior to a sampling event. Gypsum blocks will be inspected once yearly (September) in the field. Inspection results will be recorded into a log book. Any corrective action will be taken as necessary. 


15.2. Maintenance of Equipment



All equipment will be maintained as outlined by manufactures recommendations. When available, repair kits will be kept on hand so that equipment, probes, etc., can be repaired as quickly as possible to minimize down time. 


Table 15.1. Equipment maintenance, testing, and inspection activity procedures



			Equipment/



Instrument


			Maintenance Activity


			Testing Activity


			Inspection Activity


			Responsible Person


			Freq.


			Acceptance Criteria


			Corrective Action





			YSI Pro Plus Field Meter


			Check cleanliness and batteries


			Check batteries, test probes to standards, calibrate


			Check DO membrane, and probe connections


			Field Team Leader, Project Manager


			Every sampling day


			No debris on probes, battery >30%, each probe within specified resolution of standard


			Change batteries, membrane, or clean probes as needed, calibrate, or send back to company





			YSI pH Meter


			Check cleanliness and batteries


			Check batteries, calibrate


			Check probe and connections


			Field Team Leader, Project Manager


			Every sampling day


			Battery >30%, within 0.01 units of standard


			Change batteries, clean probe, calibrate, or send back to company





			Watermark Soil Moisture Meter


			Check batteries


			Check batteries, calibrate


			Check readings


			Field Team Leader, Project Manager


			Every sampling day


			Battery >30%, within resolution at saturation


			Change batteries, send back to manufacturer





			Gypsum Blocks


			Check  material % (lifespan), check leads


			Check proper functioning of block


			Dig up once yearly to inspect gypsum level


			Field Team Leader, Project Manager


			Every sampling day (leads), September (block)


			 More than 40% in tact


			Replace block





			NIST Thermo-meter


			Check for cracks in shaft


			Make sure it is reading


			Check for cracks


			Field Team Leader, Project Manager


			Every sampling day


			No cracks


			If cracked, replace





			Nitrolux-S Ammonia Analyzer


			Clean, charge batteries


			Run internal calibration


			Check hoses, couplings, and ports


			Field Team Leader, Project Manager


			Every sampling day


			Within internal calibration limits


			Charge, clean, or send back to manufacturer





			Kestrel 4000 Weather Station


			Check batteries


			Check battery life, calibrate sensors


			Check station parts for cracks and tension


			Field Team Leader, Project Manager


			Every sampling period


			Battery >30%


			Change batteries, or send back to manufacturer








16. Instrument/Equipment Calibration and Frequency



All equipment will be calibrated on a regular basis and/or according to manufacture recommendations to ensure proper functioning and accuracy (Table 16.1). Equipment will be calibrated against known standards or NIST certified instruments. Calibration standards (pH 4, 7, & 10; nitrate 1 & 100 mg/L; ammonium 1 & 100 mg/L) will be kept on hand to ensure timely calibration procedures are followed. All calibration will be done by trained personnel following standard procedures and recorded in a log book. The project manager will periodically check all calibration documentation to ensure it is being done on schedule and that any identified errors have been noted and addressed. 


16.1. Field Calibration



Field equipment will be calibrated prior to going out into the field for sampling events (see Table 16.1.). If any of the field equipment fails a field QC check, field equipment will be recalibrated and measures will be run again. 


16.2. Calibration Standards



Certified NIST calibration standards and instruments will be used for calibration of field equipment. Certified calibration standards (pH, nitrate, conductivity, nitrate, and ammonium) will be purchased from the same company supplying the field monitor (YSI). Equipment will be calibrated on a one, two or three point scale. In-field spot checks will be done with a one point calibration. Comprehensive calibration checks will be done with a three point calibration (2 for pH) for more accurate calibration. 


An NIST certified thermometer will be used to calibrate temperature readings from the field meter and weather station, as well as measure the transport cooler temperature. 


Table 16.1. Equipment and instrument calibration procedures


			Equipment/Instrument


			Probe/Model


			Procedure


			Frequency of Calibration


			Acceptance Criteria


			Corrective Action


			Person Responsible





			YSI Professional Plus Meter


			DO


			2 to 3 point calibration to known standards


			Before every sampling event


			0.01 mg/L


			Clean, recalibrate, or send back to manufacturer


			Field Team Leader, Project Manager





			 


			Temperature


			Calibrate to NIST certified thermometer


			Twice per year


			0.1 °C


			Clean, recalibrate, or send back to manufacturer


			Field Team Leader, Project Manager





			 


			Conductivity


			1 point calibration to known standards


			Before every sampling event


			0.001 or 0.1 mS/cm


			Clean, recalibrate, or send back to manufacturer


			Field Team Leader, Project Manager





			 


			Ammonium


			2 point calibration to known standards


			Before every sampling event


			0.01 mg/L-N


			Clean, recalibrate, or send back to manufacturer


			Field Team Leader, Project Manager





			 


			Nitrate


			2 point calibration to known standards


			Before every sampling event


			0.01 mg/L-N


			Clean, recalibrate, or send back to manufacturer


			Field Team Leader, Project Manager





			YSI pH Meter


			YSI pH10 Meter


			3 point calibration to known standards


			Before every sampling event


			0.1 units


			Clean, recalibrate, or replace pH sensor


			Field Team Leader, Project Manager





			Soil Moisture Meter


			Watermark


			Calibrate to 0 and 100% saturation


			Every 4 months (Jan, Apr, July, Oct)


			Within 10% error


			Recalibrate, check leads, send back to manufacturer


			Field Team Leader, Project Manager





			Gypsum Blocks


			Watermark


			Calibrate to 0 and 100% saturation


			Before installation


			Within 5% error


			 Replace


			Field Team Leader, Project Manager





			Ammonia Analyzer


			Nitrolux-S


			Manufacture calibration


			Once per year


			NA


			NA


			Project Manager, Manufacturer





			Weather Station


			Kestral 4000


			Calibrate RH to standards, & temperature to NIST thermo.


			Every 4 months (Jan, Apr, July, Oct)


			Within 5% error


			Recalibrate, send back to manufacturer


			Field Team Leader, Project Manager








16.3. Laboratory Calibration



The laboratories used perform their own calibration procedures at set frequencies (SOP available upon request). All equipment and instruments used for measurement and analysis are traceable to NIST standards of measurement. All calibrations are dated and recorded for each instrument and are available for review upon request. 


17. Inspection/Acceptance of Supplies and Consumables



Most of the supplies and consumables utilized by the project are not “critical” for the project. The supplies that are critical to the project are all sample containers, calibration standards, and wash water. 


To ensure that sample containers are sterile and of appropriate material for collection and analysis, all sample containers will be supplied by the analyzing laboratory. Calibration standards will be purchased from a company that can certify the reference standards that will be used for calibrating field equipment. In this case, we will purchase standards (pH, nitrate, conductivity, and ammonium) from the same company supplying the field monitor (YSI). Wash water will be deionized (DI) water purchased in sealed gallon jugs. All of these supplies will be kept on hand and repurchased before they get low. When available, certificates and testing records will be kept by the Project Manager.



All supplies will be checked for acceptable parameters so that they meet project needs and capabilities. Supplies that do not met project needs, or are damaged, will be returned and an alternative found. 



All project supplies and consumables will be checked by the Project Manager on a monthly basis to ensure appropriate quantities are always on hand. A detailed list of products, supplier (vendor), and minimum quantity to be kept on hand will be compiled and checked on a monthly basis. All supplies will be stored on site at WCD.


18. Non-Direct Measurements



Current and historical data on various water quality standards (fecal coliform, DO, temperature, conductivity, turbidity, and salinity) measured at specific sites  within the watersheds (information available upon request) will be utilized by the project for identifying trends, areas of concern, and locations to target mitigation within the watersheds. The water quality data is provided monthly or bi-monthly by DOE and WIRA 1. All measurements and analysis are conducted by the Northwest Indian College (NWIC). Quality assurance plan and SOP are available from NWIC upon request. 



To establish background values for risk estimates, scientific values from peer reviewed literature articles may be utilized. Any values used will be checked for validity and referenced appropriately. 



Meteorological data from weather stations listed in Table 10.2 will be recorded and utilized to compare against our measured field data, as well as utilized by the ARM worksheet to forecast precipitation events. Trends in predicted and actual precipitation events will be recorded and analyzed for correlation for predictive and weighted (accuracy) purposes. Correlations between measures will be analyzed to determine which sites are most accurate and appropriate to utilize for certain areas throughout the County. 


19. Data Management



The proper management of data throughout the project lifecycle is crucial to the success of the project. This section details the data management process for data recording (logbook and instrument logger), verification and validation, transmittal, analysis, database transfer, management, and storage. 


19.1. Data Collection, Entry, and Storage



Two types of data will be produced in the field, written data and logged data. All quantitative written data collected in the field (pH, soil temperature, soil moisture, thermometer temperature, QC checks, notes) will be recorded in a bound notebook following guidelines in section 12. This data will then be entered into the appropriate Excel spreadsheet 
within one week of the sampling event. Data logged by field equipment (multi-meter, ammonia analyzer, meteorological, GPS) will be downloaded using the appropriate technology and transferred to Excel within one week of data collection. Even though field equipment is able to log data, secondary written notes will be taken as a backup measure. All data will be checked by the project manager for error, outliers, or other abnormalities. Where appropriate, qualitative data (notes) recoded in the field will be entered into the appropriate spreadsheet. More often, this information will be used to assess abnormal data, trends, and relationships. 


All analytical results obtained from the laboratories for field samples (water, soil, manure, forage, air), will be entered into the appropriate spreadsheet upon receipt from the laboratory. A hardcopy of all results will be retained by the Project Manager in a single binder. The lab also retains copies of all lab results in an online database which can be accessed by the Project Manager at any time. 


All data will be managed by the Project Manager and/or the Data Manager. The data manager will store the data on WCD’s secure server. Monthly backups and/or hardcopies of all data files will be kept in a secure off-site location in case of damage to the server. Per EPAs request, appropriate data will be transferred and stored on STORET by the Data Manager. Per EPA: “STORET (short for STOrage and RETrieval) Data Warehouse is an online repository for water quality, biological, and physical data and is used by state environmental agencies, EPA and other federal agencies, universities, private citizens, and others”.


19.2. Data Control and Verification



All data recorded and transferred to Excel or any other storage program is subject to quality control. Data sets will be verified by a second pair of eyes 
to ensure they are entered correctly. 



Once all data is
 entered into Excel, it will be statistically analyzed in Excel for number, ranges, means, medians, standard deviations, and minimum and maximum values, as well as in SAS (SAS Institute., Cary, NC) using the appropriate statistical model. If appropriate, outliers will be identified and corrective action taken, if necessary, specific data sets will be transformed based on distribution and regression relationships, or other appropriate data processing tasks will be conducted. Comparison of data sets from each sample trial will be conducted on a temporal and spatial scale within and between test farms. Once appropriately analyzed and verified, data will be complied and reported.


20. Assessments and Response Actions



Regular assessment of project activities, deliverables, and tools will be conducted to ensure that timelines are followed and outcomes achieved (see Table 20.1).



20.1. Assessment of Project Activities



All project activities will be audited on a monthly basis by the Project Manager to make sure that proper protocols are being followed for sample collection, handling, documentation, sample chain-of-custody, equipment checks and calibrations, and reporting. A quarterly review of all calibration records, field logs, laboratory results, and other documentation records will be conducted for completeness. Corrective action and follow up audits will be conducted if and when necessary. 


20.2. Data Quality Assessments


Assessments of data quality will be conducted throughout the project by the Project Manager. Quality will be assessed based on results from calibrations, QA samples and tests, field documentation, statistical assessment (see 19.2.), and data review. Any areas of poor quality, based on set criteria, will be evaluated and corrected.


20.3. Project Deliverables



Project timelines will be reviewed on a monthly basis to make sure goals and deliverables are being met. If any severe deficits in time or activities are noted, corrective action will be taken, included reevaluation of project timelines, more project management or oversight, delegation of tasks, or restructuring of personal schedules. 


20.4. Response Actions



The response action taken for correction of any project issues will be the responsibility of the Project Manager and/or the Project Oversight position. If corrective action is outside of the roles of WCD personnel, the EPA project office will be consulted.



Table 20.1. Project assessment activities, frequency, and responsible party


			Assessment Type


			Frequency


			Person Performing Assessment


			Person Monitoring Corrective Action





			Field Sampling 


			Monthly


			Project Manager


			Project Manager





			Analytical Data 


			Monthly


			Project Manager


			Project Manager





			Laboratory Procedures


			Per laboratory


			Laboratory Manager


			Laboratory Manager





			Data Quality 


			Quarterly


			Project Manager


			Project Manager





			Data Storage 


			Bi-annual


			Data Manager


			Project Manager





			Project timelines and deliverables


			Monthly


			Project Manager


			Project Manager





			Records


			Quarterly


			Project Manager


			Project Manager








21. Reports to Management



Reporting is a necessary part of the project in order to assess progress and keep the granting agency (EPA) informed of project activities. Both quarterly financial and bi-annual project reports will be compiled and sent to the granting agency starting in 2010. Project reports, prepared by the Project Manager, are due at the beginning of January and July, and the final project report is due June 30, 2014. Included in progress reports will be a summary of data quality and quality assurance activities, corrective action taken for any significant project activity, and the project status as related to activity timelines.


22. Data Review, Verification, Validation



This section lists the criteria for data review, verification, and validation to ensure that project data is of good quality.


22.1. Data Review


Data review is the process by which all data is reviewed by project personnel (Field or Project Manager) to ensure that data have been recorded, transmitted, and processed correctly. All data and notes collected in the field will be reviewed for completeness and accuracy by the Project Manager on a regular basis following each sampling event. Sample results received from the laboratory will also be reviewed for discrepancies. All calibration and QA samples will be assessed to make sure they have been conducted according to schedule and that there are no significant results that were not properly corrected. 



All data transmitted to Excel will be reviewed for accuracy by the Project Manager after each entry event. All calculations or transformations conducted within Excel will be reviewed by the Project Manager.


In addition to data, experimental design and sample number review will be conducted after year one to see if modifications or more stringent sampling protocols need to be added. Any revisions will be written up and a new QAPP will be submitted for review and approval. 


22.2. Data Verification



Data verification is the process by which data is evaluated for completeness, correctness, and conformance. Following data review to ensure data have been entered correctly, data will undergo a verification process whereby outliers, missing data, or incomplete data will be identified and corrected as appropriate. 


22.3. Data Validation



Data validation is the process by which the quality of a specific data set is determined relative to its end use. If any data set deviates from the QAPP, the Project Manager, project QA person, and EPA QA person will be consulted for validity and corrective action of the data set. 


23. Verification and Validation Methods



Data verification and validation will be performed by review of data completeness, calibration results, QA sample results, chain-of-custody forms, and statistical analysis. Verification will be conducted on data recording and transfer, data calculations, transformations, sorting, assessment of outliers, and qualification of data. Many of the procedures for conducting these reviews have been covered throughout this plan.



Data entry and verification will be conducted by the field personnel, Field Manager, Project Manager, or Data Manager. The Project Manager will review all data verification and validation reports to see if there have been any errors or deviations from the QAPP. The Project Manager will report to the Project or EPA QA Officer if corrective action needs to be taken.


24. Reconciliation with User Requirements



This section of the plan describes how the validated data will be evaluated to see if it meets project quality objectives (measurement and data quality). Under a systematic planning approach, EPA recommends that projects use the five Data Quality Assessment (DQA) process steps to evaluate how well the validated data supports the intended use. Those five steps are outlined below.


24.1. Review the Data Quality Objectives and Sampling Design


The data quality objectives (DQO) outlined in Section 7 will be reviewed on an annual basis by the Project Manager to assure that they are still applicable. Any revision to DQOs will be made by the Project Manager and be consistent with QAPP objectives. Similarly, sampling designs will be assessed after an adequate amount of data has been collected to assess variability of data and sample number estimations. Sample design revisions, although not expected, will be made when appropriate to best meet the needs of the project objectives while minimizing error. 


24.2. Conduct a Preliminary Data Review



A preliminary data review will be conducted quarterly after each seasonal data collection period. Preliminary data review will consist of basic statistical analysis to identify normality, bias, outliers, anomalies, correlations, relationships, patterns, and insufficient data sets.  This data review will aid in refining data collection techniques, modifying sample numbers, identifying relationships, and teasing out data set transformation when necessary. 


If it is determined that a data set is below the acceptable sample variability (CV < 10%), sample frequency may be assessed to see if resources can be refocused to areas of the study that may require more frequent sampling to achieve the desired CV.


24.3. Select the Statistical Test



The statistical tests used for identifying relationships between and within data sets, as well as significant and error may vary for each analyte and variable. Choosing a statistical test will be based on the variability and distribution of the data, as well as the acceptable error and objective of the data set. Overall, all data sets will be analyzed for significance at an alpha of 0.05. 


24.4. Verify the Assumptions of the Statistical Test



Verification of the assumptions of the statistical test chosen will assess whether the underlying assumptions are valid or whether departures from the test are acceptable. This assumption will be based on the amount of data available and may vary over time after more data has accumulated.


24.5. Draw Conclusions from the Data



After data has been reviewed and verified, it will be analyzed using the appropriate statistical test identified in step 3. Once analyzed, conclusions will be drawn and presented. Data will be presented in text, tables, and figures as appropriate for the data set and relationships being assessed. Conclusions should support project objectives and hypothesis testing. 



If limitations of a data set (i.e., missing data, unusable data, etc.) are discovered during analysis, it will be reported as such. If data quality indicators do not meet performance criteria, sample design or analysis will be adjusted when possible. All adjustments made by the Project Manager will be verified with QA Managers. 
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�Although we have an extensive water quality monitoring program on-Reservation and sample the Nooksack River where it discharges to the Reservation, we do not currently collect county-wide water quality data directly.  We have a Joint Funding Agreement with the USGS to collect stream flow and water temperature data at a few sites and contracted with the Northwest Indian College to collect fecal coliform data many years ago as part of the TMDL Implementation Monitoring Project, all of these data have been previously provided to the CD.




�Not clear what is meant here – there are temporary closures due to specific spill events but efforts to establish correlations between specific rainfall events and elevated fecal coliform levels in the marine waters over shellfish beds were not successful when attempted in the late 1990s in an effort to only have conditional closures of the shellfish beds. We have measured higher fecal coliform levels in the Nooksack River below Marine Drive during August than we have during September and the highest levels are typically in October.




�Is this sentence is simply poorly worded or is it a real attempt to deflect blame?  Poor animal waste management practices – particularly pre-1997 - led dairies to be identified as one of the primary contributors to water pollution issues in the watershed – see the 1997 Sanitary Survey completed by DOH.  If the agricultural community complied with environmental restrictions associated with establishing and maintaining effective vegetative buffers along water courses, ensured that they had adequate manure storage capacity, and generally applied AKART to avoid discharges from their operations, they would not be identified as one of the primary contributors to water pollution.  The population growth pressures argument is probably true for the air pollution argument. 




�I am not clear what is meant by this.  Does it mean that applications will not occur after September 15th or so (rather than October 31 – which seems appropriate considering the likelihood of large rainfall events and decrease agronomic capacity during October) but they will start prior to the T-Sum200 date if it can be demonstrated that the application rate will not exceed the agronomic rate and the nitrate levels in ground water comply with applicable standards?  Please add text here to clarify what is meant.




�What assurances can be provided that the system will be properly implemented – the current system is not properly implemented.  That is, even with the current system of rigid dates, which in principle should be easily understood, implemented, monitored, and enforced against when violations occur, manure application still occur during the period of time when no applications are allowed.   Please add a sentence or two here to describe how the CD will ensure that the ARM is properly implemented and what corrective actions will be taken if it is not properly implemented.




�This is somewhat of an overstatement.  The Lummi Nation has expressed concerns about the system and its reliance on the dairy industry and would like to see parallel efforts that result in a credible compliance enforcement program for all industries that land apply animal wastes (dairy, cattle, hobby farms) to the landscape, a focus on providing adequate manure storage, and increased monitoring for source identification.  What resulted in the improved water quality following the 1997 shellfish bed closures was the “three-legged stool” comprised on compliance enforcement, technical assistance, and monitoring – this effort is only two of the legs.




�The concept that farmers can apply animal wastes to their fields at any time of the year based on their self assessment of the resultant risk to the environment is a difficult concept to support within the Lummi Reservation community where history has shown a general disregard by the agricultural community of tribal interests and rights to harvest salmon and shellfish.  Yes there has been improved communications over the last decade and yes there has been improved animal waste management but this did not occur voluntarily in many cases.  Substantial subsidies needed to be provided along with a credible compliance enforcement presence in order for the dairy industry as a whole to be better environmental stewards.  This ARM efforts provides technical tools to the industry but no assurance that they will be used correctly. 




�Need to identify the data that will be relied on to conduct the assessment (e.g., LiDAR data, well logs, field sampling).




�It would be helpful to provide a table that lists all of this characteristics and the source of data that will be used to conduct the assessments.




�What does this mean?  Is a “hot spot” an area where there is not adequate manure storage capacity and therefore an area where manure is applied during less than optimal period.  Are these high risk areas or low risk areas?




�Not clear how the resulting data are going to be managed – is a custom Access database going to be developed and the survey tool designed for ease of data entry into the database?




�A table listing all of the factors and associated thresholds that will be used in the determination of whether or not conditions are optimal for application would be useful here.  For example, Soil Nitrate Level less than 15 mg/kg,.




�What does this mean?  Water table on the surface? 1-inch below? 3-inches below?




�What does the word “significant” mean? The intensity, duration, and total rainfall amount (as well as various landscape factors such as slope, slope length, vegetative cover, soil type) affect the amount of runoff that will result from a rainfall event.  




�Why only three-days?  Is the concept here that if you apply manure to a field and it does not rain for three days the fecal coliform density will decrease during this period and if it rains on Day 4 there will be no fecal coliform discharged from the fiel?  What literature is being relied on to 




�How will the agronomic rate for winter applications be calculated?




�Are their plans to mitigate for closures of tribal shellfish beds?  There was zero mitigation provided to the Lummi Nation for the 10-years of lost shellfish harvest opportunity in Portage Bay (valued at $850,000 per year or $8.5 million) following the closure attributed to the poor dairy waste management practices in the 1990s.  Is there any thought about posting a performance bond in the event that the applications results in downstream pollution?




�More description of this monitoring and enforcement plan would be helpful – who specifically will implement this?  Is the EPA or Ecology or the Department of Agriculture ready, willing, and able to provide a credible enforcement presence? 




�The total number of farms where the ARM system will be tested needs to be limited to the CD capabilities to provide a high level of oversight and testing.  Our understanding is that the purpose of this effort is to test the viability of the ARM system and prove to both the agricultural community and the project partners that it is better than the current system.




�What about sticking with the low risk areas for the first couple of years until the system is proven and then move into the moderate risk areas – we are not interested in seeing additional animal waste applications to areas with elevated nitrate levels in ground water, in areas that could reasonably be expected to discharge directly to surface water bodies (i.e., areas with no riparian buffer strips or other BMPs in place), and flood prone areas.




�The current monitoring program is too limited both in sampling frequency and areal coverage to provide reliable background information.




�Will these now become publically available?




�Please provide more descriptive text as to who, what, when, where,and how the evaluation will be conducted.




�I highly recommend that an Access database be developed to manage the mass of data that is going to be collected as part of this project.  Reliance on an Excel spreadsheet will quickly get out of control.




�It would be helpful to include a “typical” field layout/schematic and associated sampling locations




�Will the soil sampler be sterilized between sites?




�How will the manure application rates be determined?




�Highly recommend that they use pre-printed field and calibration data sheets to help ensure consistent and complete data collection and to east the data entry process.




�See previous comments regarding using a relational database such as Access rather than a spreadsheet to manage the data.




� “an second independent reviewer”




�The word “data” is plural for the word “datum”.  There are numerous locations in the text where the verb following the word “data” is the singular version.
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From: Llyn Doremus
To: Jill  Gable/R10/USEPA/US@EPA
Subject: RE: Whatcom ARM QAPP
Date: 11/05/2010 09:18 AM


Jill- 
I just read over the Department of Ecology's comments on the QAPP, and I
don't think my comments could add anything to their comprehensive
treatment of the problems with the QAPP.  I would echo the need for
better groundwater data both for establishing the background conditions
and for monitoring of the performance of the sites onto which manure has
been applied during winter months.  


Additionally, the Nooksack Tribe has been working with the Department of
Ecology and with EPA to characterize the fecal bacteria sources,
transport mechanisms and distribution in Drayton Harbor.  Like the Lummi
Nation, we have serious concerns about the ongoing degradation to our
shellfish beds, which we perceive to be at least in part resulting from
agricultural practices associated with manure application to Whatcom
County agricultural production fields.  The QAPP does not adequately
provide for monitoring, detection, verification and follow-up actions if
fecal bacteria is transported from fields where manure is applied for
this project to shellfish beds. 


On a minor note, I was surprised to read on page 13 that the "Tribes"
response to this project was "positive".  It is difficult for me to
understand how our position on this project was construed as positive.
Given the Lummi comment on this same topic, the statement calls into
question the validity of the rest of the claims made for the benefits of
the project, particularly given the lack of technical references in the
document.


Thanks for the opportunity to review and comment on the QAPP.  At this
time I will not request an expanded role for the Nooksack Tribe in the
development, scoping and management of the project.  However, if
possible, I would like to receive copies of the final version of the
QAPP, and the progress reports that are submitted to EPA as the project
proceeds.


Best regards,


Llyn Doremus
Hydrologist
Dept of Natural Resources
Nooksack Indian Tribe
5016 Deming Rd
PO Box 157
Deming, WA  98244
(360) 592-5176 ext. 3291
(360) 592-5753 FAX


 


-----Original Message-----
From: Gable.Jill@epamail.epa.gov [mailto:Gable.Jill@epamail.epa.gov] 
Sent: Thursday, October 21, 2010 3:00 PM
To: Llyn Doremus
Subject: RE: Whatcom ARM QAPP


Thanks so much Llyn.  Let me know if you have any questions in the
meantime.


jill
_____________________________
Jill Gable, Watershed Unit
US EPA, Region 10
1200 Sixth Ave., Suite 900 (OWW-134)
Seattle, WA  98101-3140
(206) 553-2582, (206) 553-0165 (fax)
gable.jill@epa.gov


 


  From:       "Llyn Doremus" <ldoremus@nooksack-nsn.gov>


 


  To:         Jill Gable/R10/USEPA/US@EPA


 


  Date:       10/21/2010 02:56 PM


 


  Subject:    RE: Whatcom ARM QAPP


 



mailto:ldoremus@nooksack-nsn.gov

mailto:Jill Gable/R10/USEPA/US@EPA





Thanks for the opportunity to review this.  I'll get back to you with my
comments by Nov 4.


Llyn


-----Original Message-----
From: Gable.Jill@epamail.epa.gov [mailto:Gable.Jill@epamail.epa.gov]
Sent: Thursday, October 21, 2010 9:42 AM
To: Jeremy Freimund; Llyn Doremus
Subject: Whatcom ARM QAPP


Dear Jeremy and Llyn,


I am the EPA Project Officer for the Whatcom Conservation District's
project "Protecting Puget Sound Watersheds from Agricultural Runoff
Using a Progressive Manure Application Risk Management (ARM)."  Given
the Lummi and Nooksack Tribes' interest in the watersheds around the
project area, I would like to provide you with the draft final Quality
Assurance Project Plan (QAPP) for your review.  EPA is very interested
in hearing any comments that you might care to provide about the
project.  Please just be aware that the final QAPP approval decision is
the responsibility of myself (the Project Officer) and the EPA Quality
Assurance Project Manager, Ginna Grepo-Grove.


Please provide any comments you may have to me in writing by Thursday
November 4.  If you do not have any comments, could you please just send
me a quick email indicating that as well?  I very much appreciate your
input on this project.  Please do not hesitate to call me directly if
you have any questions about this review.  Thank you so much for your
time.


Sincerely,


Jill Gable


(See attached file: WCD ARM Draft Final QAPP.pdf)
_____________________________ Jill Gable, Watershed Unit US EPA, Region
10 1200 Sixth Ave., Suite 900 (OWW-134) Seattle, WA  98101-3140
(206) 553-2582, (206) 553-0165 (fax)
gable.jill@epa.gov








From: Kathleen E Conn
To: Jill  Gable
Cc: Nichole Embertson; Stephen E Cox; Richard S Dinicola
Subject: Re: Fw: Ecol comments ARM gw qapp Sept_21_ 2011_BC edits.docx
Date: 09/22/2011 03:37 PM


[attachment "WDOE_qapp Comment Sept_21_ 2011_With_response.docx" deleted
by Jill Gable/R10/USEPA/US] 
[attachment "USGS QAPP_DRAFT2_Final.pdf" deleted by Jill Gable/R10/USEPA/US] 
Hi Jill (and Nichole), 


Attached are the revised USGS QAPP and the Comments/Responses document. I will
be in the office tomorrow and next week while Steve is in the field, so don't hesitate
to contact me if there is something I can help with. 


I look forward to meeting you both as this project progresses! 


Cheers, 
Kathy 


*******************************************************
Kathy Conn, Hydrologist
U.S. Geological Survey 
Washington Water Science Center
934 Broadway, Suite 300, Tacoma, WA 98402
Ph: 253.552.1677, Fax: 253.552.1581
******************************************************* 


From:  Gable.Jill@epamail.epa.gov 
To:  Stephen E Cox <secox@usgs.gov> 
Cc:  Black.Curt@epamail.epa.gov, Richard S Dinicola <dinicola@usgs.gov>,


Crawford.Jennifer@epamail.epa.gov, Kathleen E Conn
<kconn@usgs.gov>, Mendelman.Krista@epamail.epa.gov, Nichole
Embertson <NEmbertson@whatcomcd.org>,
Anderson.Karma@epamail.epa.gov 


Date:  09/22/2011 02:34 PM 
Subject:  Re: Fw: Ecol comments ARM gw qapp Sept_21_ 2011_BC edits.docx


Hi Steve,


Thanks so much for such a quick turn-around.  As soon as we get it and
Jennifer's schedule allows, we can get it approved.  Take care.



mailto:kconn@usgs.gov
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jill
_____________________________
Jill Gable, Watershed Unit
US EPA, Region 10
1200 Sixth Ave., Suite 900 (OWW-134)
Seattle, WA  98101-3140
(206) 553-2582, (206) 553-0165 (fax)
gable.jill@epa.gov


From:                 Stephen E Cox <secox@usgs.gov>
To:                 Jill Gable/R10/USEPA/US@EPA
Cc:                 Curt Black/R10/USEPA/US@EPA, Jennifer
           Crawford/R10/USEPA/US@EPA, Krista
           Mendelman/R10/USEPA/US@EPA, Nichole Embertson
           <NEmbertson@whatcomcd.org>, Kathleen E Conn
           <kconn@usgs.gov>, Richard S Dinicola <dinicola@usgs.gov>
Date:                 09/22/2011 01:47 PM
Subject:                 Re: Fw: Ecol comments ARM gw qapp Sept_21_ 2011_BC
           edits.docx


Gill,


Received and have reviewed the comments from WDOE regarding the Whatcom
QAPP.  All of the comment were well received and should provide more
clarity in the QAPP.  we have provided response comments on the
spreadsheet and are making appropriate modifications to the QAPP text.
I will be out of the office, but checking email, until Oct 3.  Kathy
Coon, who is new to our project staff  will be incorporating the changes
into the QAPP and then getting that back to you either latter today or
tomorrow.


Hope all goes well and I will keep in touch.


As always, if you have any questions please don't hesitate to call or
email.


Steve


Stephen E. Cox
U.S.Geological Survey
934 Broadway, Suite 300
Tacoma, WA  98402
(253)552-1623
secox@usgs.gov


                                                                       
Fro Gable.Jill@epamail.epa.gov                                         
m:                                                                     







                                                                       
To: Crawford.Jennifer@epamail.epa.gov, secox@usgs.gov,                 
    Mendelman.Krista@epamail.epa.gov, Black.Curt@epamail.epa.gov,      
    Nichole Embertson <NEmbertson@whatcomcd.org>                       
                                                                       
Dat 09/21/2011 10:17 AM                                                
e:                                                                     
                                                                       
Sub Fw: Ecol comments ARM gw qapp Sept_21_ 2011_BC edits.docx          
jec                                                                    
t:                                                                     
                                                                       


Hi All,


Here are the comments from Ecology on the USGS QAPP.  Looks like they
liked it and had minimal comments.  I did tell them that we would
respond to their comments, so Jennifer or Steve--could you please decide
who will do that and fill in the table?  I don't think it will be much
work.  Let me know if you have any concerns or questions about that.  If
you could just send it to me when you're done, I'll pass it on.  I think
as soon as we do that, we can approve it whenever EPA is ready.  I
haven't heard anything from the Lummi, but will check in with them
today, just in case.  Thanks so much for all your hard work.  Let me
know if you need anything.


jill
_____________________________
Jill Gable, Watershed Unit
US EPA, Region 10
1200 Sixth Ave., Suite 900 (OWW-134)
Seattle, WA  98101-3140
(206) 553-2582, (206) 553-0165 (fax)
gable.jill@epa.gov
----- Forwarded by Jill Gable/R10/USEPA/US on 09/21/2011 10:13 AM -----


From:                 "Maggi, Martha (ECY)" <mmag461@ECY.WA.GOV>
To:                 Jill Gable/R10/USEPA/US@EPA
Cc:                 "Carey, Barb (ECY)" <bcar461@ECY.WA.GOV>, "Mathieu,
Nuri
          (ECY)" <NMAT461@ECY.WA.GOV>, "Cummings, Ron (ECY)"
          <rcum461@ECY.WA.GOV>
Date:                 09/21/2011 09:13 AM
Subject:                 Ecol comments ARM gw qapp Sept_21_ 2011_BC
edits.docx







Hi Jill – attached are a few observations/comments/questions re: USGS’
groundwater QAPP – we think it looks good.  Barb has talked to Steve
about a couple of items already. Let us know if any clarification is
needed on our comments.   And best of luck to USGS on this rather
ambitious sampling plan!


Thanks for the chance to review. Take care.
Martha
Martha Maggi, LHG
Washington State Department of Ecology
Environmental Assessment Program
Statewide Coordination Section
Groundwater/Forests & Fish Unit
P.O. Box 47710
Olympia, WA  98504-7710
phone 360-407-6453
fax 360-407-6884 (See attached file: Ecol comments ARM gw qapp Sept_21_
2011_BC edits.docx)[attachment "Ecol comments ARM gw qapp Sept_21_
2011_BC edits.docx" deleted by Stephen E Cox/WRD/USGS/DOI]








From: Jennifer Crawford
To: Nichole Embertson
Cc: Jill  Gable
Subject: Re: QAPP Approval
Date: 03/14/2011 04:42 PM


Hi Nichole,
I just went through the revised QAPP. Thanks for updating the QAPP with the
revisions I requested- I think it is looking really good!  I have one general
comment:  
Be careful with your use of both ammonia and ammonium.  They are used multiple
times throughout the QAPP, but these analytes are not interchangeable.  For
example, if the field instrument really does measure ammonium but the lab method
is reporting ammonia-N (it is truly measuring NH3 and NH4+) you could have
comparability issues.  Can you verify what the YSI field instrument is measuring?
Additionally, please cite the Standard Methods (SM) addition you are using as well in
table 7.2.


Other than that, the QA issues look covered.  I am having a meeting with Jill and
Curt tomorrow.
thanks! Give me a call if you have any questions.
Jennifer


Jennifer Crawford
Chemist - RSCC, CLP PO Alt.
USEPA Region 10
1200 Sixth Avenue Suite 900, OEA-095
Seattle, WA 98101
crawford.jennifer@epa.gov
(206) 553-6261


▼ "Nichole Embertson" ---03/08/2011 12:02:41 PM---Jill,


From:    "Nichole Embertson" <NEmbertson@whatcomcd.org>
To:    Jill Gable/R10/USEPA/US@EPA
Cc:    Jennifer Crawford/R10/USEPA/US@EPA, Krista
Mendelman/R10/USEPA/US@EPA, Karma Anderson/R10/USEPA/US@EPA
Date:    03/08/2011 12:02 PM
Subject:    QAPP Approval


Jill,


 
Per our discussion, I have attached our current QAPP without the groundwater
monitoring information for approval. The attached QAPP (Version 1.1) incorporates
the most recent comments received by Jennifer Crawford and Curt Black, as well as
a scale-up scenario for the yearly addition of test plots (section 10.2.4).  In addition, I
have attached a supplement document that includes what groundwater information
will be added to the QAPP via an addendum following the attainment of funding and
methods approval (this information is still open to change following technical review



mailto:CN=Jennifer Crawford/OU=R10/O=USEPA/C=US
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by an outside consultant). 


 
Because we are unsure of the timeframe to secure funding and approval of the
groundwater monitoring component of the study, we are requesting approval of our
current QAPP so that we may begin installation of some of the field equipment
before normal farming activities begin for the season. An equilibration period is
appropriate between the installation and sampling of lysimeters so that the soil
profile can return to an undisturbed profile prior to sampling. It will also give us an
opportunity to test the operation and methods of other field equipment prior to
sampling commencement.


 
If you have any questions or would like further information, please let me know.
Thank you for your timely response on this matter.


 
Respectfully,
Nichole
___________________________________


 
Nichole M. Embertson, Ph.D.
Nutrient Management and Air Quality Specialist
Sustainable Livestock Production Program
Whatcom Conservation District
6975 Hannegan Road
Lynden, WA  98264
O: (360) 354-2035 x 126
F: (360) 354-4678
E: nembertson@whatcomcd.org
W: www.whatcomcd.org 


 
The contents of all e-mail transmissions to and from this office may be
considered public information and subject to the provisions of the State of
Washington Public Records Act.


 
 [attachment "WCD_ARM_QAPP_PO-00J08101-0_030811.docx" deleted by Jennifer
Crawford/R10/USEPA/US] [attachment "GWAddendumtoQAPP_030811.docx"
deleted by Jennifer Crawford/R10/USEPA/US] 



mailto:nembertson@whatcomcd.org
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From: Jennifer Crawford
To: Nichole Embertson
Cc: Jill  Gable; Curt Black
Subject: Re: WCD QAPP
Date: 12/03/2010 03:05 PM


Hi Nichole,
Attached is a version of the WCD ARM QAPP that I marked up with
comments/suggestions/recommendations (as we discussed).  Thanks for your efforts
in working together on this QAPP.  I have also CC'd Curt so he is in the loop on my
comments.  I believe he will also have some recommendations.  


[attachment "Crawford comments WCD ARM 12-2-2010 QAPP_PO-00J08101-
0_101810.doc" deleted by Jill Gable/R10/USEPA/US] 
This attachment is a table as an example QC table, just for reference of what is
often included in QAPPs.  Yours are fine - with a couple improvements suggested 
[attachment "Example QA-QC tables for WCD.xls" deleted by Jill
Gable/R10/USEPA/US] 


Please call me if you have any questions!
Thanks,
Jennifer


Jennifer Crawford
Chemist - RSCC, CLP PO Alt.
USEPA Region 10
1200 Sixth Avenue Suite 900, OEA-095
Seattle, WA 98101
crawford.jennifer@epa.gov
(206) 553-6261
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From: Nichole Embertson
To: Curt Black; Jennifer Crawford
Cc: Jill  Gable; Karma Anderson; Krista Mendelman
Subject: Revise QAPP - WhatcomCD
Date: 01/18/2011 10:54 AM


[attachment "SOP_(ARM-W-01.0)_SurfaceWater_011811.docx" deleted by Jill
Gable/R10/USEPA/US] 
[attachment "SOP_(ARM-01-SW1.0)_Soil Water_011811.docx" deleted by Jill
Gable/R10/USEPA/US] 
[attachment "WCD_ARM_QAPP_PO-00J08101-0_011811.docx" deleted by Jill
Gable/R10/USEPA/US] 


Attached you will find the latest revision of our QAPP with comments integrated from Jennifer
(EPA), DOE, Jeremy Friedman, and verbal comments received from Curt (written comments to be
incorporated when received). Additionally, I have attached our SOPs for soil water and surface
water collection. They have not been vetted through the review process yet, so please DO NOT
distribute them. They along with all the other SOPs (soil, air, manure, forage), will be submitted for
review to Jennifer later this week. 


 
I wanted to send these documents to you all prior to your meeting tomorrow so that you have the
most current record of our proposed activities. Please let me know if you have any questions. 


 
Again, please DO NOT distribute these documents to anyone outside of this email.


 
Thank you,
Nichole
___________________________________


 
Nichole M. Embertson, Ph.D.
Nutrient Management and Air Quality Specialist
Sustainable Livestock Production Program
Whatcom Conservation District
6975 Hannegan Road
Lynden, WA  98264
O: (360) 354-2035 x 126
F: (360) 354-4678
E: nembertson@whatcomcd.org
W: www.whatcomcd.org 


 
The contents of all e-mail transmissions to and from this office may be considered public
information and subject to the provisions of the State of Washington Public Records Act.
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From: Nichole Embertson
To: Jill  Gable
Cc: secox@usgs.gov
Subject: USGA Propsed Budget
Date: 04/11/2011 10:18 AM


[attachment "USGS_ProposedBudgetExplanation_GW_WCDARM.pdf" deleted by Jill
Gable/R10/USEPA/US] 
[attachment "USGSProposedBudget_GW_WCDARM_041111.pdf" deleted by Jill
Gable/R10/USEPA/US] 
Jill,


 
Attached is the proposed budget and explanatory document from USGS for the addition of a GW
component to our ARM project. Prior to forwarding it on, I would like you to look it over and let me
know if everything looks okay, or if we need to make any revisions first. If all is okay, please pass on
to the appropriate people so that we may get this ball rolling. Thanks!


 
Cheers,
Nichole


 
___________________________________


 
Nichole M. Embertson, Ph.D.
Nutrient Management and Air Quality Specialist
Sustainable Livestock Production Program
Whatcom Conservation District
6975 Hannegan Road
Lynden, WA  98264
O: (360) 354-2035 x 126
F: (360) 354-4678
E: nembertson@whatcomcd.org
W: www.whatcomcd.org 


 
The contents of all e-mail transmissions to and from this office may be considered public
information and subject to the provisions of the State of Washington Public Records Act.
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From: Jennifer Crawford
To: nembertson@whatcomcd.org
Cc: Jill  Gable; Don Matheny
Subject: Whatcom ARM - QAPP clarification
Date: 04/25/2011 04:45 PM


Hi Nichole, 
Attached are some selected Ecology questions/comments regarding the Whatcom
ARM QAPP (from the list they submitted), along with our proposed EPA response. 
We decided to verify our responses with you directly prior to submitting back to
ECY.  Please edit directly in the Word document.   If you could get this document
back to us tomorrow, we would really appreciate it.  EPA is trying to get a final
document of responses back to Ecology on Wednesday or sooner.  Note that the
comments I identified that I would email you (regarding possible unintended sand
filtration and sterilization/blank analysis of the buckets) are included in this list as
well.  


Thanks for your time on the phone today.
Have a great night,
Jennifer
[attachment "Whatcom ARM ECY Questions - EPA proposed responses for WCD
review 4-25-11.docx" deleted by Jill Gable/R10/USEPA/US] 
Jennifer Crawford
Chemist - RSCC, CLP PO Alt.
USEPA Region 10
1200 Sixth Avenue Suite 900, OEA-095
Seattle, WA 98101
crawford.jennifer@epa.gov
(206) 553-6261
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From: Jennifer Crawford
To: Jill  Gable
Cc: Gina Grepo-Grove
Subject: Whatcom Conservation District ARM QAPP review
Date: 09/28/2010 04:13 PM
Attachments: WCD ARM QAPP EPA QA Review 9-2010.pdf


Hi Jill,
Attached is my QA review of the WCD Manure ARM QAPP for the grant.  It looks like
a very interesting project!


Please let me know if you have any questions.
thanks!
Jennifer


Jennifer Crawford
Chemist - RSCC, CLP PO Alt.
USEPA Region 10
1200 Sixth Avenue Suite 900, OEA-095
Seattle, WA 98101
crawford.jennifer@epa.gov
(206) 553-6261
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